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PREFACE. 

When a new edition of any work is presented to 
the public, it is generally expected to bring along 
witb it some new claim to public estimation, with- 
out which its merits could not be recognised, and, 
consequently, because of retaining the old title, it 
would, in all probability, be deemed nothing more 
than a mere reprint of the original work. 

In compliance with this feeling, the author 
of the Common-place Book begs to submit this 
edition to the notice of the public, the work 
having not only been diligently revised, but 
almost entirely re-written, and matter of much 
importance added, with a view of creating a more 
general interest in the minds of junior engineers, 
and other individuals, whether immediately con- 
nected with the profession, or about to study the 
popular principles and advantageoTis management 
of the steam-engine. 

When the work was first undertaken, it was 
written in some measure to induce to algebraic in ves- 
tigationis from practical results ; rules thus deduced 
being considered not only more elucidative, but also 
more general in application, and more easily borne 
in mind; however, in testing this by public opinion, 
I have been taught the reverse, for which reason 
I have withdrawn all formula and substituted in-r 
stead, rules in the most simple arithmetical form. 

The locomotive department has also been with^ 






drawn, because although the locomotive be an 
engine, or machine on the non-condensing prin- 
ciple, its construction and mode of working are 
so complex, that nothing less than a volume 
entirely devoted to its own peculiarities could pos- 
sibly do that justice which the merits of the ma* 
chine demand ; and this having already been com- 
pleted, it is hoped that in the two combined, much 
useful information for reference will be found on 
common-place subjects relative to steam and the 
steam-engine by those to whom it is addressed. 

But still farther to enhance the value of the 
work, a number of very elaborate tables have 
been added, in order to evade, as much as possible, 
any loss of time or tendency to inaccuracy in mak- 
ing calculations, in which, unavoidably, the circle 
and the square require taking into account in a 
comparative form ; such as superficial contents of 
a circle in square inches or in square feet, the 
cubic contents of cylinders and of spheres, the 
ratios of circles and squares, the ratios of spheres 
and cubes, &c., &c., with other tables of equal 
importance; hence, it is presumed, that, taking the 
work as a whole, it will be found not only an 
important compendium of practical matter relative 
to the steam-engine, but also an advantageous 
store of useful reference for the abbreviation of 
mathematical investigations for practical purposes 
by men of business in general. 

March, 1848. 
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ALGEBRAIC SIGNS, 

▲fi APPLIKD IN MECHANICAL CALCULATIONS. 

» Sign of Equalitj, and signifiei equal to as 3 added to 4 = 7. 

+ Addition plus, or more 5 + 3 « 8. 

— Subtraction minus, or less 8—3 = 5. 

X Multiplication multiplied by 8 x 3 » 24. 

-^ Division divided b7...24-h4 = 6, or y = 6. 

: :: : Proportion that 2 is to 3 as 4 is to 6. 

y/ Square Root ) Evolation, or the extraction of roots, 

aV Cube root ) thus, ^ 64 = 8, and »v/64 = 4. 

4' to be squared \ Involution, or the raising of powers, 

4> to be cubed ) thus, 4> » 16, and 4» » 64. 

3 + 5x 4-32 that 3 plus 5 multiplied bj 4 = 32. 

v/ 5»--3* = 4...6 squared, minus 3 squared, the square root of the 

remainder = 4. 



3%/' 20 X 12 
^ ^ = 2...20 multiplied by 12, and divided by 30, the cube 

root of the quotient =» 2. 



24x6 + 12 X 3 x4 

p5 =:60...24 multiplied by 6,and 12 multiplied by 

3, added together, multiplied by 4 and 

divided by 12, the quotient = 60. 

A V Q 

j~ = d...ihhi A, V, and Q, multiplied together, and divided by 

*^ n multiplied by /, the quotient » d. 

P— •» V ti 

— |j= — = D . . . P minus p multiplied by <2, and divided by W = D 

V fC^+F ) D + pd«7] ...y multiplied by M, plus F, and 
^ mV D multiplied by D, plus p, multiplied 

by d squared, and by /, the whole sum 
multiplied by V, and divided by the 
product of m P P, the quotient = S. 

C B B 
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WEIGHTS AND MEASURES. 



IMPERIAL STANDARD MEASURED 

1. MEASURE or LEKGTB. 



Inohea. 

12 . 

36 .. 

198 .. 

7920 .. 



1 foot. 

3 1 jard. 

l(*i 6} 1 poleorpercb. 

660 220 40 I furlonj?. 

aS360 5280 1760 320 8 1 mile. 

The French metre or Standard measure of length = 39.371 in. 

SPECIAL MEASURES OF LEKOTH. 



Nautical Measure, 
1 nautical mile » 6082.66 ft. 
3 miles as 1 league. 

20 leagues ss 1 degree. 
360 degrees as earth's cir. 



Land Measure. 
792 inches = 1 link, 
too links = 1 chain. 
80 chains = 1 mile. 
69.121 miles a I geo. deg. 



6 feet = 1 fathom, used in measuring ropes, chains, &c 

A Table of the common fraetumal parts of an in^ and a foot, 
wUh their corresponding decimals. 



Fraetion* 
an inch. 


Dee'mali. 


Fractions 
aninch. 


Deeimais. 


Fractions 

cfafoot 

or inches. 


l>eeimals. 


} & 3\ = .96875 


|& A = .46875 


11 = 


J9\m 


i & ^7 a .9375 


1 & ^ = .4375 


10 = 


.8333 


i & ^ s .90625 


1 & A as .40625 


9 = 


.75 


s .875 


1 « .375 


8 = 


.6666 


J & A = .84375 


} & A s .34375 


7 = 


.5833 


J & ^, » .8125 


iSi^- .3125 


6 := 


.5 


ik^rr. .78125 


1 & A s .28125 


5 = 


.4166 


i -.75 


i ^.25 


4 = 


.3333 


i & A - .71875 


J & A as .21875 


3 = 


.25 


i & ^ « .6875 


J & ^ - .1875 


2 = 


.1666 


1 & A « .65625 


) & A s: .15625 


1 = 


.0833 


i as. 625 


i » .125 


* = 


.07291 


i & A » .59375 


-. A = .09375 


J - 


.0625 


4&^=s.5625 


-^ T»* = .0625 


1 = 


.0528 


i & A » .53125 


_ A c .03125 


4 = 


.C4166 


4 - .5 




1 = 


.03125 






i = 


.02083 






i = 


.01041 



WXI0BT8 AND MEA8UBB8. 
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2. JCEASURE OF 8UBFACB* 

Inches. , ^ ^ 
144 1 square foot. 

1206 d 1 square yard. 

39204 2721 30J 1 square pole. 

1668160 10890 .. .. 1210 40 1 rood. 

6272640 v49660 4840 160 4 1 acre. 



8PECIAI. MSASURE8 OF SUBFACE. 

Land Measure, 

62.7264 square inches » I square link, 
10000 „ ^l ,9 chaio> and 

10 square chains = 1 acre. 

3. 'MEASUBES OF CAPACITY. 

General Measure ef SoUditff. 

1728 cubic inches = I cubic foot. 
27 cubic feet = 1 cubic j^ard. 
42 cubic feet = 1 ton of shipping. 

4. IMPEBIAL OALLOK MEA8UBE FOB LIQUIDS, OOBN, &C. 



CuDio 
inches. 


Water 
ll».AT 


8.666 

84.669 

69.318 

277.274 

664.648 
2218.19 
17746.6 


l| 

2l 
10 
20 
80 
640 



1 

4 

8 

32 

64 

266 

2048 



gill. 



1 pint. 

2 ... 1 qrt. 

8 ... 4 ... 1 gaL 
lo •.* 8 ... 2 .«• 1 
64 ...32 ... 8 ... 4 
612 ...266.. .64 ...32 



peck. 

••. 1 bushL 

... 8 ... qr. 



n 






The peck, bushel, and quarter, are used for dry ffoods onij. 

1 gallon of sea water = 10.32 lbs. avo&. 

1 „ oil » 9.32 

1 n proof Spirits = 9.3 

I bushel of wheat = 60 

1 „ barley = 47 

I „ oate =38 

The old ale gallon contained 282 cubic inches ; and 
The old wine gallon 231. 

The French litre, or standard measure of capacity for 
liquids, contains 61.028 cubic inches, or about .463 ox our 
imperial gallon. 
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WEIGHTS AND HEASUBEff. 



5. IMPEBIAL MEASURE OF CAPACITT FOR COALS, CULM, 

LI Mi, FRUIT, &.C, 



351.9375 cubic inches 
703.875 
28155 

4.888 cubic feet 
58.656 



1 gallon. 

2 ... 1 peek. 

8 ... 4 ... 1 bushel. 
24 ... 12 ... 3... 1 sack. 
288 ... 144 ...36.. 12... 1 chaldron. 



In and about London coals are sold by the cwt., ton, &c., 
but in Yorkshire, and many other places, they are sold by the 
bag, and estimated as follows : — 

1 bag s 2 bushels, and weighs about I40lbs. 
16 bags = 1 ton, and 24 bags ss I chaldron, or 30 cwt. 

A keel of coals at Newcastle is 21 tons 4 cwt., and a chal- 
dron of 53 cwt. A chaldron of coals in London is 284 cwt. 



6. AVOIRDUPOIS WEIGHT. 



Troy Grains, 




27.34375 


1 dram. 


4375 


16... 1 ounce. 


7000 


256... 16... I lb. 


98000 


3584 .. 224... 14... 1 stone. 


196^)00 


710*8... 448... 28.. 2... 1 quarter. 


784000 


28672... 1792... 112... 8... 4... 1 cwt. 


15680OOO 


d7344J... 35840... 2240...160.. 80... 20...1 to 



The French gramme, or standard measure of weight, equal 
15.434 troy grains, and the kilogramme 2.20486 lbs. avoir. 



About 426 cubic inches of cast iron = 1 cwt. 
8520 „ or 

nearly 5 cubic feet 



AU 


» 


23 


>» 


29 


» 


38 


» 


39 


» 


40 


i> 


36 


99 


35 


» 



of stone = 
sajj^d 
coal 
tallow 
oil 

timber 
com. water: 
sea water : 



1 ton. 
1 ton. 
1 ton. 
1 ton. 
1 ton. 
1 ton. 
1 ton. 
1 ton. 
1 too. 



SPECIFIC ORATITIfeS* 
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Table of Specific Craviiiet. 



NAMES OF BODIES. 



Copper, cast 

Copper, sheet 

Bran, cast v 

IroD^cast 

Iron. bar....w 

Lead .^^ * 

Steel, soft 

Steel, hard 

2inc,cast 

Tin, cast 

Bismuth » 

Gun metal 

Sand 

Coal 

Brick 

Stone, paying... t 

Marble 

Glass 

Tallow 

Cork 

Oak 

Pine, pitch 

^^sn .•.•••..*•.•.••••■.•* 

Spirits, proof 

Mercury 



Weight 


Weight 


Number 


Weight 


of a 


of a 


of cubic 


of a cubic 


cubic 


cubic in. 


inches in 


inch 


fo6tinlbs. 


m ounces. 


alb. 


inlb8. 


549.25 


5.086 


3.146 


.3178 


657.18 


5.159 


3.103 


.3225 


524.75 


4.852 


3.223 


.3037 


454.43 


4.203 


3.802 


.263 


476 93 


4.410 


3.623 


.276 


709.00 


6.456 


2.437 


.4103 


489.56 


4.527 


3.530 


.2833 


488.50 


4 517 


8 537 


.2827 


449.37 


4.156 


3 845 


.26 


455 75 


4215 


3.790 


.2636 


619 50 


5 710 


2.789 


.3585 


549.00 


5.077 


3147 


.3177 


95.00 


.878 


18.190 


.0.55 


78.12 


.722 


22.120 


.0452 


125 00 


1.156 


13.824 


.(.723 


151.00 


1.396 


11.443 


.0873 


17137 


1.585 


10.083 


.0991 


18000 


1.664 


9.600 


.1042 


59.06 


5^'6 


29 258 


.0342 


15 00 


.138 


115200 


.0087 


60 62 


.561 


28.505 


.0351 


41.25 


.382 


41.890 


.024 


47.50 


.440 


36 370 


.0275 


57 93 


.536 


29.828 


.0335 


84aoo 


7.851 


2.037 


.4908 



A Table of the speeifh pra^iiy of water at different temperatures^ 

that at 62 being taken as unity. 



70»F. 


.99913 


62«F. 


1.00076 


68 


.99936 


50 


1.00087 


66 


.99958 


48 


1.00095 


64 


.99980 


46 


1.00102 


62 


1. 


44 


1.00107 


58 


1U)0035 


42 


1.00111 


56 


1.00050 


40 


1.00113 


54 


1.00064 


38 


1.00115 



Nete, The difference of temperatnres between 62* and 42*, whera water 
attains its greatest density, will vaiy the bulk of a s^on rather less than 
the third of a cubic inch. 

b2 
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WATER. 

"Water, in an aeriform state, constitutes the steam- 
engine a moving power ; consequently to the practical 
engineer some knowledge of tlie chemical and mechanical 
properties of water must be not only interesting, but of 
considerable importance in other points of view. 

Water, or oxide of hydrogen, is a. fluid composed of 
two elementary bodies, or gases, viz., oxygen and hydro- 
gen, the union of which are so compact that its com- 
pressibility with the utmost application of force is so 
small, that in practice it is with propriety termed 
generally an incompressible fluid. 

Proportions of the gases are the following : — 

WBIOHT. BVLK. 

Oxygen ..« ,,«...8 1 

Hydrogen , • ^ • . • • 1 2 

Equivalents 9 3 

Or one cubic inch consists of 

OBAI1I& CUBIC INCHES. 

Oxygen 224.46 662 

Hydrogen 28.06 1325 

$52.52 1987 

Water, when pure, is transparent, colourless, tastel^s^, 
iiodorous, and not liable to spontaneous change; liquid 
at the common temperature of our atmosphere ; assum- 
ing a solid form at 32^ Faht., ^nd a gaseous state at 
212^, but returning unaltered to its liquid state on 
resuming any degree of heat between these points ; 
dissolves numerous vegetable, animal, and mineral sub- 
stances ; is decomposed in many cases qf chemical 
action, affording oxygen or hydrogen to the substances 
which aflect it. 

Clean iron and zinc at a red Iji^at possess the property 
of decomposing water when ii^ the state of highly rarefied 
steam ; the oxygen uniting with the metal, a solid me- 
tallic crust is fanned on the surface, and the hydrogen 
feet at liberty ; one volume of oxygen, or from five to 
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six of atlnospheric air, mixed witb two of hydrogen » 
reixder the min^ture inflammable, and on the approach of 
a flcime, red-hot iron, or the electrio spark, the whole is 
kindled at the same instant, a flash of light passes 
through the mixture, followed by a violent explosion, 
the result of which is steam at 212^ Faht., and ulti- 
mately pure waters 

But water, as it exists in nature, contains various 
saUne or earthy matters; as mvriate of soda, or common 
salt, sulphate of lime, carbonate of lime, muriate of 
magnesia, oxide of iron, &c., accumulated in flow- 
ing through the different strata of rocks and mine- 
rals, constituting mineral or hard water, by which it is 
considerably reduced in value for the purposes of a steam* 
engine. Rain and snow waters are the purest natural 
waters we possess, and are generally employed as the 
standard of comparison for the densities of other bodies. 

Specific gravity of pure rain water si 1 , or one cubic 
foot at a mean temperature of the atmosphere 
= 1000 ounces. 

Ten pounds of rain or distilled water, at 62^ Faht., 
equal the standard gallon, or measure of capacity. 

And one cubic inch, at 62* Faht. = 252.458 grains. 

Mineral waters of every description are more or less 
injurious to a boiler; and, unless very frequently 
changed, become in a state of saturated solution, in 
consequence of which earthy matters are deposited, and 
an incrustation formed on the surface of the iron, prevent- 
ing the free passage of caloric ; hence, the plates get red 
hot, and render the boiler in danger of being destroyed. 

Mineral waters are generally divided into four classes, 
namely, the acidvhu9t thte sul^ureoust chalyheaiey and 
aaUmem 

Acidulous waters caatain carbonic acid in its free 
state, or in combuwttion in excess with a base ; also^ 
very freqviently muriate of soda, and some of the earthy 
carbonates ; however, it is the free carbonic acid that 
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imparts to them their particular properties. These 
waters Are easily distinguished by their slightly acid 
taste, and sparkling appearance when poured from one 
vessel to another, both of which properties they lose by 
boiling, or standing exposed to the air for any short 
length of time. 

Sulphureous waters contain sulphureted hydrogen, 
also alkaline, earthy sulphates, and muriates ; they are 
very readily distinguished by their odour, and by caus-^ 
ing a piece of silver, when immersed in them, to acquire 
a dark colour. 

Chalybeate waters are those which have iron as an 
ingredient ; they are known by their peculiar taste, and 
by their becoming black when mixed with an infusion 
of nutgalls ; but they are of different kinds ; sometimes 
the iron is combined wiUi sulphuric acid, — more fre<^ 
quently it is in union with carbonic acid. 

Saline wafers are those which contain the saline in- 
gredients generally found in mineral waters, but which 
have not carbonic acid in excess, and are free from sul- 
phureted hydrogen and iron, or contain them in very 
trifling quantities. Saline waters may be subdivided 
into four kinds, namely — alkaline waters, or those which 
contain alkali in its free state, or combined with carbonic 
acid, and which render the vegetable blues green ; hard 
waters, or those which combine carbonate or sulphate of 
lime ; salt waters, or those in which muriate of soda 
aboimds ; purgative waters, or those which contain prin- 
cipally sulphate of magnesia. 

To ascertain the properties of any watery the following 
experiments may be resorted to : — 

1. Evaporate a drop on a flat slip of glass, holding it 
before the fire, or above a small lamp or candle. Small 
rings only appear where the water rested, if it contained 
only a minute quantity of foreign matter ; but a crust 
is seen if it be loaded with saline or earthy matter, and 
the crust has an ochry tint if iron be present. 
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2. Pour some of the water into a wine glass, and add 
a solution of litmus ; it will be reddened if any free 
aoid matter be present. 

3. Mix another portion with a little soap ; a curdy 
matter appears if it abound with earthy matter. 

Sea water contains of saline and earthy matter in 
every 100 parts, 

Common salt 2.66 

Sulphate of soda. . . • • 4C6 

Muriate of lime 1 09 

Muriate of magnesia 991 

4.316 parts of 
saline and earthy matter. Average specific gravity 1 028. 
Hence the necessity of frequently renewing the water 
iti marine engine boilers at sea, by the usual process of 
blowing out ; that is, by a little extra feed the boilers 
are allowed to fill^ say, from four to six inches above 
the regular height, and the overcharged water blown out 
by the force of the steam, through a cock in the bottom 
of the boiler, at least once every two hours. 

MZICHANICAL PROPERTIES OF WATER. 

1. Fluid bodies in general exert an equal force or 
pressure in every direction, namely, upwards, down- 
wards, sideways, and oblique, and fluids always tend to 
a level ; hence, any quantity of water, however small, 
may be made to balance and support any quantity, 
however large. 

2. The weight of water, or any other fluid body, is as 
the quantity ; but the pressure is as the perpendicular 
height. 

3. The pressure on the sides of any vessel containing 
a fluid is equal to the length of the side multiplied by 
half the square of the depth. 

4. The centre of pressure, and also the centre of per- 
cussion, in a fluid, is two-thirds of the depth from the 
surface. 
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5. The quantity of water discharged through an orifice 
in equal times, hut under different heads, is nearly as 
the corresponding heights of the different heads of 
water; hence, 

The square root of the depth in feet X hy the falling 

surface in inches 

Area of the orifice X 8*7 

the time required in seconds. 

Maximum density of water 42^ Faht. 
Freezing point 32"^ Faht., at which point it has ex- 
panded i>y of Its original hulk. 
62.5 lbs. avoirdupois = the weight of 1 cubic foot. 

.03617 s= 1 " inch. 

.434 = • • . • • 1 linealft. lin. sq. 

49.1 s= 1 cylindrical foot. 

.02642.... =■ 1 " inch. 

.341 =s 1 lin. ft. 1 in. dia. 

11.2 imperial galls • • = 1 cwt. 

224 = 1 ton. 

1.8 cubic feet = 1 cwt. 

3*5.84 .••.. = • 1 ton. 

1 cubic foot of water = 6^ imperial gallons, and 
1 cylindrical foot = about 5. 

The content ofanyvesselin cubic feet X by 6.232 "^ _ 
Or " " inches X by .003607) "" 

imperial gallons. 

Any number of imperial gallons 

= the 

Any two dimensions of a cistern in feet X by 6.232 
third dimension in feet. 

Any number of imperial gallons 

Any two dimensions of a cistern in inches X by .003607 
= the third dimension in inches. 
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= Imp. 
gallons. 



The length of a cylinder in feet X by the ^ 
square of the diameter in feet, and by 4.895 . . 

The length of a cylinder in feet X by the 
square of the diameter in inches and by 0.34 

The length of a cylinder in inches X by the 
sqr. of the diameter in inches and by .002832 

any number of gallons a cylinder is required to 

/contain X by 354 
by the length in inches 
the diameter of the cylinder in inches. 

Any number of gallons a cylinder is required to 

contain X by 354 

by the square of the diameter in inches 
the length of the cylinder in inches. 

The cube of the diameter of a sphere in inches x by 
.001888 = imperial gallons. 

The velocity of water in feet per minute X by the 
square of a pump's diameter in inches, and by .034 = 
imperial gallons discharged per minute. 

The velocity of water in feet per minute X by the 
square of a pump's diameter in inches, and by .0005454 
s= cubic feet discharged per minute. 

OF STEAM, OR RAREFIED WATER. 

When water in a boiler is subjected to the action of 
fire, it imbibes the heat or caloric that the fire imparts, 
and sooner or later acquires a degree of temperature at 
which ebulition takes place, and particles of steam 
arise through the surface of the water, hence designated 
the boiling point; but the degree of temperature at 
which this takes place is entirely governed by the den^ 
sity of the fluid pressing on the surface of the water, thus, 
in a vacuum water boils at about 98^ Faht. ; under com- 
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mon atinosplieric pressure, at 212^ ; and to produce 
steam at 2^ lbs. per squsure inch, requires a temperature 
of 220°, &c., as in the following table : — 




220 

222 

223.5 

225 

227 

228 

230 

231.5 

233 

234 

235 

236 



Foree in lbs. per 



^1 



2.5 

3 

3.5 

4 

4.5 

5 

5.5 

6 

6.5 

7 

75 

8 



at S 
o 3 



5.15 

6.18 

7.21 

824 

927 

10.30 

11.33 

12.S6 

1339 

14 42 

15.45 

16.48 



II 



5.76 

6.91 

8.07 

922 

10.37 

11.52 

12 68 

13.82 

14.98 

16.14 

17 28 

18.44 



It 

go 



&-0 



240 

245.5 

251 

260 

268 

275 

282 

288 

294 

299 

304 

309 



Force in lbs. per 






10 
12 
15 
20 
25 
30 
35 
40 
45 
50 
56 
60 



.d S 

5S 



20 60 

24 72 

30.90 

41.20 

51.50 

61.80 

72.12 

8241 

92.70 

10300 

113.31 

128 60 






23 05 

27.64 

34.57 

4610 

6762 

69.15 

86.67 

92.20 

103.72 

115.25 

126.77 

138.80 



Steam contains about five times the quantity of heat 
to that of boiling water ; it is transparent and colourless 
until it comes in contact with the atmosphere, it then 
assumes a dense white mass, tiie caloric which main- 
tained its gaseous form is therein absorbed, and hence, in 
consequence, its properties as steam are eventually 
destroyed. 

The principal properties of steam, relative to the 
steam-engine, are the following: — 

1. Elasticity, or the power that it has to return to 
its original form, after being made to deviate by some 
external force. 

2. Expansibility, or the increase of bulk which it 
undergoes by the recession of its particles from one 
another, so that it occupies a greater space, while its 
weight remain the same. 



PROPERTIES OP STEAM. 



21 



3. Condensation, or the causing of the mass to occupy 
less space, by means of the closer approach of its par- 
ticles through the abstraction of heat. 

Table exhibiting various properties of steam. 



Elastic 
force in 
atmos- 
pheres. 


Elastic 

force in 

lbs. per 

sqr. inch. 


Degrees of 
heat. 


Difference 

of 
tempera- 
ture. 


Volume 

in cubic 

feet, 

water 

being 1. 


Velocity 
into a 

vacuum 
in feet 

per sea 


1 


14.7 


2l2'»F 




1711 


1566 


2 


29.4 


250.52 


38.50«F 


905 


1610 


3 


44.1 


275.18 


24.66 


623 


1638 


4 


58.8 


293.72 


18.54 


479 


16,58 


5 


73.5 


308.84 


15.12 


394 


1674 


6 


88.2 


320.36 


11.52 


331 


1688 


7 


102.9 


331.70 


11.34 


288 


1700 


8 


117.6 


341.96 


10.26 


255 


1710 


9 


132.3 


360.78 


8.82 


229 


1720 


10 


147.0 


358.88 


8.10 


209 


1729 


12 


176 4 


374.00 


15.12 


190 


1742 


15 


180.5 


392.86 


18.86 


135 


1765 


20 


294.0 


418.45 


25.59 


111 


1786 


30 


441.0 


457.16 


38.71 


77 


• 1823 


50 


735.0 


510.60 


53.44 


42 


1873 



Hence, from this table it will be inferred, that as 
such small accessions of heat produce so rapid an in- 
crease of elastic force, small abstractions of heat from 
highly rarified steam, will also reduce its elasticity 
in an equal degree, so that high pressed steam is more 
readily diminished in bulk by the application of cold, 
than steam of less density ; that is, it can be more readily 
reduced in its pressure to any certain proportion of the 
pressure it had before ; thus rendering to the purposes 
of the steam-engine properties of very economical in- 
terest, because by admitting only a small quantity to 
enter the cylinder through being sooner stopped off, 
and from thence, by its expansive force, continue the 
motion of the piston to the end of the stroke, the ad- 
vantage of which is according to the results as estimated 
by the following rule : — 

C B C 
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Divide the length of the stroke of the piston in a 
steam engine, by the distance the dense steam has been 
admitted into the cylinder, previous to its being cut off, 
and find the hyperbolic logarithm of the quotient, to 
which add 1, and the sum is the ratio of the gain. 

Example. — Suppose an engine, with a stroke of 6 
feet, and the steam cut off when the piston has moved 
through 2, required the ratio of gain by uniform and 
elastic force, 

6-^2 = 3; hyperbolic logarithm of 8 = 1.0986 
-|- 1 =E 2.0986 ratio of effect; that is, supposing 
the whole effect of the steam to be 3, the effect of 
the steam being cut off at one-third of the stroke, 
= 2.0986. 

But steam produced from water-holding salts, or other 
impurities in solution, is not of equal density to that 
produced from pure water, although both be of equal 
temperatures : thus, from experiment and practice, the 
steam produced from common water, at 212° Faht., 
will support a column of mercury 30 inches in height ; 
whereas steam from sea water, at an equal temperature, 
will support no more of an equal column than 22| 
inches- In like manner, the steam from common water, 
at 220** Faht., will support a column of mercury 35 
inches in height ; and that from sea water, at an equal 
temperature, only 26^ inches : hence the great propriety 
of obtaining water so pure as possible for the generation 
of steam. 

OF THE STEAM-ENGINE, THE BOILER, &c. 

The Steam-engine is a machine calculated expressly 
for the purpose of rendering steam available, as a motive 
power, to the purposes of machinery ; its forms are 
numerous, but its principles, as a moving cause, depend 
entirely on that of water in a state of rarifaction by 
heat. 
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Water, in its natural state, is an incompressible fluid, 
but combined with caloric, or the matter of heat, it is 
changed, and becomes an elastic transparent vapour of 
great force. 

The Boiler or vessel containing the water to which 
the heat is applied, and in which the steam is generated, 
is commonly of wrought or plate iron, sometimes of 
copper, but in form no pecularity is required otherwise 
than what compulsion dictates, viz., capacity, best form 
for strength, and a sufficiency of heating surface, to 
distribute properly the caloric through the water. 

There is perhaps nothing which tends more to the 
inefficiency of a boiler than the want of sufficient capa- 
city — inequality of pressure, frequent priming, and un- 
necessary waste of fuel, are amongst the common evils 
resulting therefrom ; but unfortunately, practice, in 
various instances, forbids that amount of capacity which 
is laid down as a general rule, fviz», one cubic yard to 
each horse-power, two-thirds of which to he occupied 
hy water,") as may not unfrequently be seen in those of 
marine boilers, locomotives, &c., the defective results of 
which, in many instances, not being easily construed. 

With respect to a sufficiency of heating surface pro- 
portionate to the boiler's capacity, or more properly to 
the quantity of water that must be boiled off in a given 
time, much descrepancy of opinion still continue to in- 
duce dispute; but no doubt a great portion of this 
may exist, because of parties not being sufficiently 
explicit in distinguishing between the amount of hori- 
zontal and that of vertical or side surface, the efficiency 
of the former being called, 1, that of the latter is little 
more than one-half; hence the propriety of giving 
inclination inwards to the plates of all flues, not only to 
approximate that of horizontal surface, but also to 
effect a more ready access to the surface of the water, 
the caloric or particles of steam generated underneath. 

When the horizontal heating surface of a boiler only, 
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is taken into account, nine square feet to each horse- 
povrer is considered a sufficiently productive surface ; 
but when the whole heating sui^e of whatever des* 
cription is included, not less than fourteen square feet 
to each horse-power can confidently be relied upon, 
unless the expansive principles in the cylinder of the 
engine be carried out to a considerable extent. 

The dimensions expressed as above, are for engines 
of customary nominal power, and with about one square 
foot of fire bar to each fowrteen square feet of heating 
surface ; but the following rules are more intimately 
adapted, because, to suit the various peculiarities of 
engines, and the various densities of steam required. 

But, in the construction of boilers generally, much 
attention ought to be paid to the avoiding of thin films 
of water where the action of the fije is great, because it 
is neither consistent with safety, nor can there be the 
proper quantities of steam generated proportionately to 
the surface exposed, unless under an extraordinary 
degree of pressure. Also, convex surfaces, exposed to 
the action of the steam, unless properly supported, ought 
strenuously to be avoided. Large water spaces, concave 
surfaces, or straight plates with the butt edges upwards 
and securely stayed, with ample steam room, are the 
chief requisites to be attended to. 

1. To determine the proper q%tant$ty of heating surface a 
boiler ought to containffor an engine with a cylinder of 
a given capaeitgy and steam of any density, as in the 
following table. 

Rule. — Multiply the area of the piston in square 
feet, by its velocity in lineal feet per minute, and by the 
decimal equivalent in the last column of the following 
table, opposite the required density of steam in the first 
column, and the product is the heating surface of the 
boiler in square feet. 

Example. — Required the amount of effibctive heating 



OF BOILERS. 25 

surface for the boiler of an engine, the area of whose 
piston is 9 square feet, its velocity 192 feet per minute, 
and the density of the steam 51bs. per square inch 
above the pressure of the atmosphere. 

192 X 9 X .3328 = 575 square feet of heating surface. 

Note. — By effective heating surface is meant horizontal sur- 
faces over fire, flame, or heated air ; vertical or side surfaces 
requiring about 1} feet to equal 1 of horizontal surface. 

2, To determine the proper dimensions for a waggon- 
shaped boiler^ the amount of effective heating surface 
being given. 

Rule. — The bottom surface equal half the whole 
surface. 

The length equal twice the square root of bottom 

surface. 
The width equal one-fourth the length ; and 
The height equal one- third the length. 

Example. — Required the dimensions for a. boiler of 
the waggon form, that shall present an effective heating 
surface of 175 square feet. 

Bottom surface = 175 -7- 2 = 87.5 square feet. 

Length = V87.5 X 2 = 18.72 feet. 

Width =18.72 — 4= 4.68 feet 

Height =18.72-^a= 6.S4 feet, 

3. To determine the dimensions for a cylindrical boiler* 

Rule. — Extract the square root of 1.34 times the 
effective heating surface in square feet, and twice the 
root equal the boiler's circumference in feet ; also the 
circumference equal the length. 

Example. — Required the diameter and length of a 
cylindrical boiler, with an effective heating surface of 
86 square feet. 

V86 X 1.34= 10.74 X 2 = 21.48 feet circum- 
ference, or 6 feet 10 inches diameter \ Jind 
21.48 feet in length. 

c 2 
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Practical Table of sUam propertiet, by which to eithnaU 

the effects of the steam-engine, ^C. 





1 


p. 

Ill 


1 


ill 
1 

S2 




2.5 


22«'> 


_ 


496 


-U 


.2607 


3 


M2 


2" 


63 


.18 


.2581 




226 


6 


366 


.25 


.2745 




228 


8 


283 


.33 


.2925 




231 


11 


228 


.41 


.3064 






U 


74 


47 


.3194 




23fi 


16 


27 




.3328 




238 


18 


084 


!58 


.3159 


10 


210 


20 


044 


.64 


.3692 


12 


245 




973 


.80 


-.3854 


15 


251 


91 


383 


.93 


.4247 


20 


e«o 


40 


767 


.23 


.4888 


25 


26S 


48 


678 


2.52 


.6531 


30 


273 




609 


2.81 


.6168 


35 


2B2 


62 


553 


3.09 


.6781 


M 


288 




606 


3.38 


.7411 






74 


466 


B.66 


.8013 


50 


299 


79 


435 


3.93 


.8621 


55 


sot 


84 


407 


4.20 


.9211 


60 


309 




382 


4.48 


.9816 



APPENDAGES TO BOILERS. 
THE lAFXTT TALVB. 

A safety valve is properly a loaded circular disc 
covering an opening in the top or upper side of a steam 
boiler, for the purpose of prevention by escape any un* 
necessary or unsafe accumulation of steam in the boiler 
by the intensity of the fire whilst the engine is not at 
work, or otherwise. 
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Safety valves generally are loaded eitlier directly or 
by the action of a lever wiih a weight or spring balance 
attached. When the weight is acting immediately upon 
the valve, without the intervention of a lever, the 
amount of weight in lbs., divided by the area of the 
valve in inches equal the direct pressure on each inch 
of the boiler ; but if a lever is applied, the prin- 
ciple of the lever must be taken into account, and in 
practice the following various points of action and effect 
are the chief that require the particular notice of the 
practical engineer. 

The lever being moveable round a pin as an axis at 
one end, and resting upon the valve as a fulcrum at 
some proportionate distance, tends to press down the 
valve less or more, according to the lever's length and 
general magnitude, the effect of which is designated the 
action of the lever upon the valve, the amount of which 
is very easily ascertained by simply attaching to the 
lever a spring balance by a piece of twine or otherwise, 
but immediately above the centre of the valve, and ob- 
serving the index when gently lifted by hand, hence 
the amount of weight indicated, and added to the weight 
of the valve, are a constant quantity which must be 
subtracted or added, as the nature of the calculation 
may require. 

Again, when a lever is applied to a valve where a 
weight is to be attached, the lever may be of any length 
whatever; but where a spring balance is to be applied, 
the lever ought to be of the following proportion — viz., 
the distance from the lever's centre of rotation to the 
centre of the valve equal the diameter of the valve, and 
the distance from the lever's centre of rotation to the 
spring balance as many times the diameter of the valve 
as there are square inches in its area; hence, the exact 
pressure upon each square inch of the boiler is always 
indicated by the spring balance, plus the action of the 
lever and weight of the valve. 
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To estimate properly the various amounts of effect hy a 
lever and weighty or spring balance, acting upon a 
safety valve. 



safety valve 



Suppose, for a general example, that the diameter of 
the valve = 6 indies, or 28.27 square inches area. 

The required pressure per square inch =12 lbs., or 
339.24 lbs. total pressure on valve. 

Length of lever 26^ inches. 

Distance from centre of rotation to centre of valve 
4 inches. 

Action of lever and weight of valve together 9 J lbs. ; 
then, 

1, To find what weight will be required to produce 
that pressure at a given distance, say 19 inches from the 
centre of rotation. 

339.24—9.5x4 ^^ , ,^ 

-— =69.4 lbs. suspended on the lever. 

1*7 

2. When the weight to be placed upon the lever is 
given, and other peculiarities as above, to find at what 
distance from the centre of rotation, that weight must 
be placed to produce the pressure required. 

339.24 -9.5x4 .«.,,. ^ ^ ^ , , 
Tjq— r = 19 mches distant from lever b 

centre of rotation. 

8.^ The weight, with its distance from the lever's 
centre of rotation being given, and also from the same 
point to the centre of the valve, to find what is the 
efiective pressure at that point; action of lever and 
weight of valve included. 

69 4 X 19 

-~~ = 329.65+9.5 = 339.15 lbs. Total 

amount of pressure upon the valve. 
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4. Suppose a spring balance attached at the end of 
the lever, (which in our present example is 26| inches 
from the centre of rotation, other peculiarities as before,) 
and the tendency of the steam to raise the valve equal 
any given quantity, say 339.24 lbs. to find what weight 
ought to be indicated by the spring balance. 

339.24-9.5x4 

jr^-= =49.772 lbs. indicated by the 

2o.D . , 1 "^ 

spnng balance. 

5. The total amount of force tending to raise a safety 
valve, also the distance of valve's centre to centre of 
lever's rotation being given, to find what length of lever 
is necessary to equipoise the required pressure, by a 
certain indicated weight upon the spring balance. 

339.24-9.5x4 „. , . , ,^ .. , , 
.Q Lg^ = 26.5 mches, the distance be- 
tween the spring balance 
and lever's centre of ro- 
tation. 



TO FIND THE PBOPl^R DIAMETEE FOR A SAFETY VALVE. 

Rule. — Multiply the bottom surface of the boiler, 
or surface immediately exposed to the action of the fire, 
in feet, by the multiplier opposite to the pressure in lbs. 
on each square inch of the safety valve, and the square 
root of the product is the valve's diameter in inches at 
the narrowest part. If the boiler is to have two safety 
valves, then the square root of half the product equals 
the diameter of each. 



Premure in lbs. 
per square inch. 

3 



4 
6 
6 

7 

8 

10 

12 



Multipliers. 
.. .35G 
.. .353 
.. .348 
.. .344 
.. .339 
.. .336 
.. .329 
.. .321 



Pressure in llw. 
per square incli. 

16 



20 
25 

30 
35 
40 
45 
50 



Multipliers. 

... .316 

... .305 

... .293 

... .289 

... .282 

... .275 

.. .270 

... .2di 



30 APPENDAGES TO BOILERS. 

JT JP 




Note. — In the above section of a valve with a lever, let F 
denote the fulcrumi P the whole pressure upon the valve, D the 
distance of the weight from F, d the distance between F and V^ dd 
the distance between F and D, W the weight upon the lever, and 
p the action of the lever upon the valve. 

ad W. 

3. y-pzziV. 



THE STEAM GAUGE 

Is an indicator of conspicuous reference, by which 
the density or force of steam in the boiler may be at all 
times ascertained, this being an object of the strictest 
importance, because, through laxity of attention, a 
vacuum might be formed in the boiler, or the steam 
might be of considerably greater elastic force than re- 
quired, although escaping partially by the safety valve ; 
hence the steam gauge is a general test for the regulation 
of the fire. Again, if by any means the safety valve 
become fastened, and a superabundant force of steam 
accumulated, the mercury may be driven out of the 
tube, by which extra indication is given > and ultimately 
the steam gauge become of itself a means of diminish- 
ing the force of the steam, in proportion to the dimen- 
sions or bore of the tube of which it is formed. 

The common construction of a steam gauge is an 
inverted syphon, or bent tube of wrought iron, one end 
of which may be attached to the boiler or steam pipe 
to suit convenience, a hole having been previously made 
for the free emission of the steam to a counterpoise of 
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mercury for the purpose in the tube, the other end of 
which is open to the atmosphere ; but the action of the 
column of mercury may appear more plain by means of 
the following section : 




Each inch of a rise indicates a 
pressure of 1 lb. 



Level of the mercury when there 
is no pressure of steam. 



The steam depresses the mercury in the short tube, con- 
sequently causes it to rise in the longer one ; 2 inches 
of mercury is a counterpoise to 1 lb. pressure of steam, 
therefore a rise of 1 inch in the long tube indicates a 
force equal to 1 lb. per square inch in the boiler. 

A FLOAT 

Is as requisite for ascertaining the height of the water 
in a boiler as a glass gauge is for the height of the steam, 
but can only be properly applied in a land or fixed 
engine boiler. The float may be of either stone, iron, 
copper J or any other body that will not be destroyed by 
the heat of the water or force of the steam ; hence, a 
float may be made so heavy as to sink in the water, 
consequently a counterpoise is required ; or it may be 
made so buoyant that it will neither be steady in the 
boiler, 'sink to the depth required, nor will it fall by 
its own gravity when the water is getting low, therefore 
additional weight must be attached, and in either case 
the float immersed about §ds of its thickness or depth. 
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Rule 1. — When too heavy ^ subtract the weight of 
the water displaced from the weight of the float ; the 
remainder is the counterpoise required. 

Rule 2. — When too buoyant^ subtract the weight of 
the float from the weight of the water displaced ; and 
the remainder is the weight that must be added to the 
flpat. 

NoTB. — The weight muet either be inside the floa^, or otherwise 
attached, clear of the surface of the water. 

Example 1 . — Required the weight necessary to coun- 
terpoise a float of paving stone, 14 inches diameter, 2^ 
inches thick, and immersed two-thirds of its thickness 
in fresh water ; 
say, the weight of stone and rod attached = 30| lbs. 

then. 14* X .7854 X 2.25 X 2 ^280.9inchesofwater 

^ displaced. 

1 inch of water := .03617 lbs. avoirdupois; hence, 
230.9 X .03617 = 8.35 lbs. of water displaced, and 
30.5 — 8.35 = 22.15 lbs. required for a counterpoise. 
Example 2. — Suppose a float to consist of a concave 
copper ball, 1 2 inches diameter outside, and weigh with 
rod attached 7$ lbs. ; required the weight that must be 
added inside, so that the ball may remain immersed half 
its depth in fresh water. 

123 X .5236 X .08617 ^a^a^^. f ♦ j- i a 

= 16.36 lbs. of water displaced, 

2 • 

and 16.36-7.25 =9.11 lbs. that must be added to 

the float. 

GAUGE COCKS AND GLASS TUBES 

Are intended to show the height of water in a boiler 
where a float cannot properly be applied, such as those 
of marine and locomotive engines, but require particularly 
strict attention under the following circumstances ; — 
namely, all new boilers, boilers immediately after being 
cleaned, and marine boilers in passing from fresh to salt 



APPENDAGES TO BOILERS. 33 

water, or from salt to fresh, more especially water holding 
earthy and other matters in solution ; in either case the 
water, when steam is up, becomes frequently in a state 
of complete fermentation, the boiler appears to contain 
more than a sufficient quantity of water, when in reality 
there may not be solid water, as it is termed, at the first 
cock, which ought not to be less than from three to four 
inches above the top of the highest flue. Putting a few 
pounds of tallow in a marine boiler, previous to getting 
up steam, or firing light, when fermentation, or priming , 
as it is frequently called, is likely to occur, are the usual 
modes of prevention ; but the same applied to locomo- 
tive boilers, in many instances increase the fermenta- 
tion in place of lessening it, and there is not any means, 
that I am aware of, that will prevent it efficiently, 
otherwise than by frequently blowing out, and by such 
means clear the boiler of every foreign substance that 
may have been deposited therein. 

It must also be here impressed upon the mind of 
every individual to whom the care of a steam-engine is 
entrusted, the very great necessity of a constant suffi- 
ciency of water in the boiler, for a volume of steam sud- 
denly formed is attended with considerably ^rrea/^r danger 
than an excess of steam regularly accumulated, as the 
safety valve will allow part to escape during its forma- 
tion, and also give warning of its progression, but the 
valve cannot act so instantly and efficiently as is re- 
^quired if steam be suddenly generated, which, I have 
no doubt, is the case where some of the plates of a boiler 
arc red hot when the engine is started, and if not the 
cause of an immediate explosion, may be the means of 
materially injuring the boiler, and render it incapable of 
withstanding, in safety, the pressure of steam required. 

TEE FEED PIPE AND FEED PUMP. 

Boilers are supplied with water in two distinct forms, 
namely, by the gravity of the water alone, and by means 
of a force pump applied to the engine. 

C B D 
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When a boiler is supplied by the gravity of the water, 
the pipe attached to the top of the boiler, containing the 
column of water, is designated the feed pipe, the one 
from the pump being onJy for the purpose of conveying 
the water to the top of the feed pipe, the height of 
which requires to be at . least 2^ feet above the surface 
of the water in the boiler for every pound pressure on a 
square inch of the safety valve. 

To ascertain the capacitj^ of the feed pump. 

If the exact consumption and waste of steam, imper- 
fections of the pump, leakages of the boiler, &c., could 
be properly ascertained, the pump^s capacity could easily 
be determined, but this being impossible, its dimensions 
can only be regulated by being made sufficiently large 
not only to keep up the quantity of water which is 
constantly required, but also to be enabled to meet 
the greatest contingencies in all ordinary cases of the 
engine's working : hence observe the following 

Rule. — Multiply the area of the piston in feet by 
its velocity, also in feet per minute, and by three times 
the quantity of water in a cubic foot of steam, at the 
required pressure in lbs. per square inch ; — divide the 
product by the length of the pump's stroke in inches 
multiplied by the number per minute, and the quotient 
is the pump's area in inches. Or, divide the product by 
its area, multiplied by the number of strokes per minute, ^ 
and the quotient is the length of stroke. 

Example 1.— Required the diameter of feed pump 
for an engine whose cylinder is 2 feet diameter, lengdi 
of stroke 4 feet, and making 27 revolutions per minute, 
or the velocity of the piston equal 216 feet, the pressure 
of steam equal 4 lbs. per square inch, and the length of 
the pump's stroke equal 18 inches. 

The quantity of water in a cubic foot of steam at 
4 lbs. per square inch equal 1.25 cubic inches, 
(see Table, page 26 J and 1.25 x 3 =3.75. 
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The area of a cylinder 2 feet diameter = 3.14. 

3.14 X 216 X 3.75 
18 X 27 = 486. Hence -^ 

= 5.23 inches area, or nearly 2.6 inches diam. 
2. — Suppose the engine as above described, and ex- 
isting under similar circumstances of velocity, pressure, 
&c., but the area of the pump given equal 5.23 inches, 
required the length of stroke. 

3.14 X216 X 3.75 
5.23 X 27 = 141.21. And 141^21 

= 18 inches length of stroke. 

Nora.— The suction and delWering pipei to any pump ought not 
to be lew than two-thirds of the pump*8 diameter ; and in the deli- 
Tering pipe to the boiler, in high-pressure engines, particularly loco- 
motives, a small eodk should be inserted, so as to allow the steam 
and air which accumulates in the pipes to escape, otherwise the 
boiler is frequently prevented from being regularly supplied. 



OF THE STEAM ENGINE GENERALLY. 

Steam engine is a term of general application to all 
machines in which the steam or vapour of water is the 
motive power ; hence, the usually familiar distinctions, 
namely, low pressure, or condensing engines ; high pres- 
sure, or non-condensing ; rotatory, which may be either 
the one or the other ; and locomotives, in which steam 
of great density is required ; but, although these dis- 
tinctions be made for practical convenience, the princi- 
ples of all are the same. 

OF THE CYLINDER. 

The cylinder, in whatever denomination of engine, is 
that in which the motion is produced. It is by the cy- 
linder's capacity that the power of the engine is ascer- 
tained ; and it is by the length of the stroke, in a great 
measure, that the piston's velocity is determined ; hence, 
some of the various properties and proportions that cy- 
linders and pipes bear in relation to each other may be 
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found useful in other respects, besides those immediately 
connected with the cylinder of a steam engine. 

1. A cylinder in its diameter is the most capacious of 
all plain figures, or contains the greatest area within 
the same perimeter or outline. 

2. The ratio of the diameter is to its circumference 
as 1 to 3.1416; twice the diameter contains twice the 
circumference ; hence the piston of a large engine has 
less rubbing surface, or less friction, in proportion to 
its power, than a small one. 

3. The areas of circles are to each other as the squares 
of their diameters, or as .7854 to V. A circle twice 
the diameter contains four times the area. Hence, 

Suppose the circumference and area of a circle be re- 
quired, the diameter of which is 20 inches. 

20 X 3.1416=62.832 inches circumference. 
202 X. 7854=314.10 ,, area. 

Again, suppose the circumference and area of a circle 
be required, the diameter of which is 40 inches. 

40x3.1416=125.664 inches, or twice 62.832. 
And 402 X .7854=1256.64 „ or fourtimes 314.16. 

The whole capacity of a cylinder equal the product 
of the area multiplied by the perpendicular height. 

Because also, of all circles being in proportion to each 
other as the squares of their diameters, any number of 
smaller pipes may be made equal to one of the whole 
dimensions, and vice versa. 

Thus, suppose the diameter of a pipe equal 8 inches, 
required the diameters of two pipes, that shall, united, 
be of equal area. 

82 = 64 and\/ —=5.65 inches, the diameter of 

each. 
Or, 5.652 &c. x 2= V64=8 inches. 

Not unfrequently, a cylinder, or cylindrical vessel, 
is required whereby to contain the greatest cubical capa- 
city, and bounded by the least possible superficial 
surface, — to compute which, observe the following 
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Rule. — Multiply the given capacity by 2.56, and the 
cube root of the product equal the diameter, and half 
the diameter is the depth, in equal terms of unity. 

Thus, suppose a vessel of a cylindrical form be re- 
quired, whose capacity shall equal 600 cubic feet, its 
bounding surface to be of the least possible dimensions. 

»\/600x 2.56=1 1.5379 feet diameter. 
And 11.5379-7-2=5.76895 „ depth. 

Again, suppose the vessel is to be constructed with 
two ends, like that of a cylindrical boiler. 

Rule. — Divide four times the required capacity by 
3.1416, and the cube root of the quotient equal both 
the length and diameter, in equal terms of unity. 

* ~s~rrr^=^-1^2 feet in length, and also in 
^•^*^^ diameter. 

THE PISTON, AND ITS PROPER VELOCITY. 

The velocity of an engine is properly understood as 
the space passed through by the piston in any given 
time, whereby to produce a maximum of useful effect ; 
the shorter the stroke, practically, the greater the num- 
ber of revolutions in any given time, but coDsequently 
of diminished power ; and the longer the stroke, practi- 
cally, the greater the velocity, and of course the greater 
the power, providing the steam can be constantly 
maintained at a sufficient density ; hence, because to 
the varying purposes to which engines are being con- 
stantly applied, it is not of unfrequent occurrence that 
to the production of equally beneficial effects, when a 
short stroke must of necessity be introduced, to aug- 
ment the cylinder's diameter, in order to compensate 
for diminished velocity. 

To determine what is the proper velocity for the piston 

of a steam engine. 
Rule. — Multiply the logarithm of that fraction of 
the stroke through which the dense steam has been ad- 

d2 
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mitted, by 2.3, to the piodoict of which add 7 ; multiply 
the sum by the distance in feet the piston has travelled 
when the steam is cut off, and 120 times the square root 
of the product equal the proper velocity for the piston, 
in feet per minute. 

Example. — Suppose the steam to be cut off in a 6 
feet stroke when the piston has travelled ^rd of the 
length, required its proper velocity. 

Common logarithm of 3 = 0.47712.1 

2.3 X 
= 1.0973783 

_J_ + 

=1.7973783 
feet 2 X 



V3.6947566=1.89 &c. x 120 
=226.8 feet velocity per 
minute. 

Table of ntminaX velocities at various tenths of strokes. 



STATIONARY 
ENGINKfl. 


MARTI 

Lcyth 


tnc ENGINES. 


HIGH PRESSURE 
ENGINES. 


L^h 


Number 


Veloett7 
in 


Niiinber 


Vdodfty 
In 


I^ 


rfumoer 


Telocity 
in 


stroke In 


rnniutei 


fleet per 


stroke in 


tIlllkUt« 


fleet per 


stroke in 


minvtfr 


fleet p«r 


ft. kin. 




minute. 


ft.<cin. 




minute. 


ftftln< 




mlBute. 


1 9 


46 


161 


2 


42 


168 


1 


80 


160 


2 


42 
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32 
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242 
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27 
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21^ 


204} 


S 8 


35 


228} 


4 3 


24 
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23 
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31 
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19 
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27 
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5 6 


23 
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8 


16 
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7 6 
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6 


22 


264 
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These are to be considered as the velocities of en- 
gines having the application of their power in the usual 
form. Sometimes the motion is communicated by a 
lever or half beam, and having the power transmitted 
from somewhere between the fulcrum and the piston, or 
end of the lever, in which case the velocity of the piston 
must be increased proportionally in accordance with the 
following 

Rule. — Multiply the velocities in the table by the 
length of the lever in feet between fulcrum and piston, 
and divide the product by the distance between the 
fulcrum and connecting rod, the quotient is the velo- 
city of the piston in feet per minute. 

Example. — Suppose a marine engine of this descrip- 
tion, with a 3^ feet stroke, length of lever 11 feet, and 
the connecting rod attached 21 feet from the piston, re- 
quired the piston's velocity. 

By the table, a 3 feet 6 inches stroke = 194^ 
feet velocity per minute, and 11—3.5=8.5 ; 
then 194.25 X 1 1 = 251 .3 feet, the velocity 
8.5 required. 

Of the power or effect of an engine , in the usual form. 

Expansibility or increase of bulk being one of the 
properties of steam, and of the utmost importance in the 
steam-engine, it is necessary, previous to the attaining 
an amount of its power, to premise by elucidation of the 
steam's expansive principles. 

In the starting of an engine, the steam has to over- 
come the friction and inertia of the whole mass ; but 
after being in motion the impetus it has acquired con- 
tinues it in that state for a time, independently of the 
action of the steam, friction being only now to be 
overcome ; hence if the steam continue to act as forcibly 
as at first, it will communicate additional motion to the 
piston, and will, . therefore, perform its stroke with 
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accelerated velocity ; but if the supply of steam is cut 
off at any part of the stroke, the remainder requires to 
be efiected, partly by the impetus the piston has already 
acquired, and partly by the expansive property of the 
steam, its force becoming less just in proportion as the 
space it occupies increases, thus the motion is in a great 
measure equalized, the action of the steam in full 
strength sets it in motion, and the small and decreasing 
force requisite to continue the motion at a uniform rate 
is furnished by the expansion of that steam ; and the 
advantage gained by thus economizing the steam 
increases, in proportion to its density, aud to its being 
sooner cut off. 

To determine the amount of uniform elastic force by 

expansibility. 

Rule. — Divide the length of the stroke in inches 
by the distance also in inches, that the dense steam has 
been admitted, and divide the force of the steam in lbs. 
per square inch by the quotient. Find the logarithm 
of the first quotient to which add 1 ; multiply the sum 
by the last quotient, and the product is the uniform 
force of the steam in lbs. per square inch. 

ExAlf PLE. — Let the greatest elastic force of steam in 
the cylinder of an engine equal 48 lbs. per square inch, 
and let it be cut oiF from entering the cylinder when 
the piston has moved 4^ inches, the whole stroke being 
18 ; required an equivalent force of the steam through- 
out the whole stroke. 

18 -^ 4.6 = 4, and 48 -{- 4 = 12. 
Hyperbolic logarithm of 4 + 1 = 2.38629. 
Then, 2.38629 X 12 =: 28.635 lbs. per square 

inch, of uniform elastic force. 

Note. — ^The uniform force will be on the square, or circular 
inch, accordinsly as the pressure on the piston is taken in square 
or circular inches. 
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Table of Hyperbolic Logarithms, 
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50 
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To determine the proper diameter of a cylinder for an 
engine of a required power ; Or, to ascertain the 
power of an ermine having a cylinder of a given dia- 
meter. 

Rule 1. — Multiply 33,000 by the number of 
horses' power required, and divide the product by the 
piston's velocity in feet per minute, multiplied by the 
uniform force of the steam per circular inch, minus 7.85 
lbs., and the square root of the quotient equal tlie cylin- 
der's diameter in inches. 

2. — Multiply the square of the cylinder's diameter in 
inches, by the uniform force of the steam iu lbs. per 
circular inch, minus 7.85 lbs., and by the velocity of 
the piston in feet per minute; divide the product by 
33,000, and the quotient is the amount in horses' 
power that the engine is equal to. 

Example 1. — Required the diameter of the cylinder 
for a condensing engine of 14.4 horses' power, and also 
the weight on each square inch of the safety valve, in 
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order to produce steam of 13.37 lbs. uniform elastic 
force, the steam to be cut off from the cylinder when the 
piston has moved through 32 inches of its stroke, velo- 
city of the piston 216 feet per minute, resistance and 
friction 7.85 lbs. per circular inch, or 5.52 lbs. of effec- 
tive, or uniform force, hence — 

33000 X 14.4 475200 . , 

216X5.52= ~Tl92"= ^ ^^^ = ^^^.^^^^^ 

diameter. 

Again, — Suppose the stroke equal 4 feet, or 48 inches, 
— 48 -;- 32 = 1.5, and hyperbolic logarithm of 1.5 =r 
0.40546, to which add 1, = 1.40546; then, 13.37 X 1.5 

i. 40546 
= 14.28 lbs., the total force of steam in the boiler per 
circular inch ; and 14.28 — 11.78, or mean pressure of 
the atmosphere = 2,5 lbs. effective elastic force or weight 
upon each circular inch of the safety valve. 

Example 2. — Suppose it be required to ascertain the 

effective power of a condensing engine, the following 

X)articular requisites of estimation being given, namely, 

cylinder, 20 inches in diameter; stroke 4 feel, or 216 

feet velocity per minute ; weight on each circular inch 

of the safety valve 2^ lbs, or 14.28 lbs., atmospheric 

pressure included ; steam cut off from the cylinder when 

the piston has passed through 32 inches of its stroke ; 

resistance and friction 7*85 lbs. per circular inch ; what 

is the useful effect of the engine in horses* power. 

48-f-32=rl.5 and 14.28-rl.5=9.52.-The hyper- 

bolic logarithm of 1.5 plus 1. = 1.40546 X 9,52 

= 13.37 lbs. per circular inch of uniform elastic 

force, and 13.37 — 7.85=5.52 lbs. of effective 

force ; hence, 

20«x 5.52X216 476928 ,,^^ 

o.^^^^ = o^^^^ = 1 4* 4 horses power. 

33000 33000 ^ 

Note. — Condensing engines are governed in a great measure 
^y the amount of vacuum obtained, the mercury in the barometer 
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attaclied to the condenser ranging between 24 and 284, ^^ ^^ '^ 
average of 26} inches ; hence, the mean pressure of the atmo- 
sphere being 14.7 lbs. per square inch, and equal to a column of 
mercury 30 inches in height,— 80114.7: 1 26.25: 12.86 lbs. and 14^7 
— 12.86=: 1.84 or nearly 2 lbs. per square inch remaining under, 
or acting as a resistance to the piston, besides 8 lbs. per square inch, 
by which to overcome the friction and inertia of the engine, making 
the total about 10 lbs. per square inch, or 7.85 lbs. per circular 
inch on the piston. 

In high pressure or non- condensing engines the resistance and 
firiction remain nearly a constant quantity, viz. 18 lbs. per square 
inch, or 14.1 lbs. per circular inch, including the resistance of the 
atmosphere. 

By an indicator, I am perfectly aware that the above quantities for 
resistance and friction in a well constructed engine would be found 
too much; but as the contention generally lays on the purchasing 
side, it is considered better to let the rules remain so, and if dis- 
agreement should still eicist, decide by the indicator. 

Example 3. — What is the power of a non-condensing 
engine, having a cylinder of 9 inches dianaeter, a stroke 
of 2 feet, or 200 feet velocity per minute, and a pressure 
of steam in the boiler of 40 lbs. per square inch, atmo- 
spheric pressure included, the steam to be stopped off 
from the piston at half stroke, and the resistance, fric- 
tion, &c. 18 lbs. per square inch, or 14.1 lbs. per 
circular inch on the piston's area ? 

40 lbs. per square inch = 31.4 lbs. per circular inch, 

24 31.4 

— = 2, and —^ = 15.7, The hyperbolic logarithm 

of 2 plus 1 = 1.693 X 15.7 = 26.6 lbs. uniform 
force of the steam per circular inch, and 26.6 — 14.1 
= 12.5 lbs. effective force on each circular inch of 
the piston ; 

hence, 9^ x 12.5 X 200^ ^^ ^^^^^. 
33000 ^ 

Example 4. — Let it he required to construct a non- 
condensing engine of 6.1 horses' power, the uniform 
elastic force of steam to be 26.6 lbs. per circular inch 
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in the cylinder, when cut off — at half stroke, piston's 
velocity 200 feet per minute, resistance and friction 
14.1 lbs. per circular inch ; required the cylinder's 
diameter in inches, and also the pressure of the steam 
on each circular inch of the boiler above the pressure 
of the atmosphere. 

26.6 lbs. elastic force, minus 14.1 resistance and 
friction, = 12.5 lbs. effective pressure per circular 
inch; hence. 




33000 X 6.1 

200 V 12 5 ~ ^ inches diameter. 

24 
Again, -- = 2, The hyperbolic logarithm of 2 plus 1 = 

26.6 X 2 
1.693, and——— = 31.4 — 11.78 = 19.62 

lbs. per circular inch, or 25 lbs. per square inch in 
the boiler above the pressure of the atmosphere. 

The preceding may be taken as the real effect of an 
engine, expressed in the usual term, horses* power; but, 
there exist various nominal and approximate rules, 
whereby the diameter of a cylinder, or power of an 
engine, is determined, but governed in a great measure 
by competition, — one maker endeavouring to excel 
another, by increasing the effect of the engine and re- 
taining the same nominal power, which is not unfre- 
quently supposed the result of superior mechanism, or 
some very essential interior intricacy, although, gene- 
rally, at the expense of a larger cylinder, or an increased 
force of steam. 

However, the following are selected as those most 
commonly used, and what custom has rendered almost 
a general standard, the more so, no doubt, on account of 
being considered to have emanated originally from the 
celebrated firm of Boulton and Watt. 
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In. this rule the steam in the boiler is ^ supposed at & 
constant pressure of about 3.18 lbs. per square inch,.oi: 
2.5 per circular inch ; the piston at a constant or uniform 
velocity of 220 feet per minute ; and the effective force 
on the piston about 7.5 lbs. per square inch, or 5.89 lbs; 
per circular inch ; and under such circumstances 30 cirr 
-cular inches are considered an equivalent to one hbrse 
power, when the beam for communicating the motion 
-^om the piston is about 3, and the xsonnecting rod not 
less than 2.5 times the length of stroke. *. - ;. 

But marine engines are generally confined, the con^ 

necting rods being seldom more than from 1.75 to twice 

^the length of stroke, and,^ as a compensation for thfs 

disadvantage, the area of the piston is augmented to 

.31.5 circular inches to each horse power. - 

Again, small packets for rivers, &c., are still morft 
confined, being often compelled to have the connecting 
rods not more than fi:om 1.25 to 1.5 times the length of 
stroke, causing a very acute angle with the crank ; \n 
such, not fewer than 34 circular inches is considered 
equal to one horse power. 

In high-pressure, or non-condensing engines, one- 
third the force of the steam is deducted for friction, re-^ 
sistance of the atmosphere, &c. ; hence, as in condensing 
engines, 30 X 5.89=176.7 lbs. effective pressure equ^d 
the amount of one horse power ; consequently, steam at 
25 lbs. per square inch, or 19.63 lbs. per circular inch| 

minus |rd, =19.63x2 . _. _ ,, ' . 

« * = 13.08 lbs effective pressure on 

o 

each circular inch of the piston's area, and 176.7-7-13,08 
=13.6 circular inches to each horse power. 

Steam at 30 lbs. per square inch:=23.56 lbs. per cir- 

cular inch, and 23.56 x 2 ^ - >. „. ^r *• »! > 

' = 15.7 lbs. effctive pressute; 

C B E 
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hence, 176.7«rl^«7=Bil.S drciikr inchei» to c^eh herse 
power* 

Steam at 4d IBs. per square indi=Sl«41 lbs. per cir- 
cular inch, and 3V.41 k2 „^ -. . „ ' . 

. — — =20.94 lbs. effective pressure ; 

% - • * 

henoel76.7-r20.94=:8.5 drcular inplies tio each l^orse 
]>ower. 

Steam ai 50 lbs. per square mcb=89.27 lbs. per dr- 
cular inch, and 99;llf7 )< 3 ' ^-„' «, _. 

S =26.18 lbs. effective pressure; 

hence, 176.7-2r26bl83:6»8 dxeular inches to each horse 
po^er ;-7axidibe same at any other pressuz)^ that might 

bje reqijixed. 

'« 

Ex. 1. — Required the diameter of a cylinder for a 
stationary condensing engine of 86 horses' power. 

V86X80 = 82*86 inches diameter. 

Ex. 2-:^What is the nominal power of an engine, the 
cylinder of whjich is 82.86 indies diameter ? 
82.86*-^dO = 36 horses' power. 

. Ex. 3.<— Required the diameter of the cylinder for a 
marine engine of 65 horses' power. 

V65X8K5 = 45.25 inches diameter. 

Ex. 4. — ^The diameter of the cylinder of a marine 
engine is 45.25 inches diameter ; required the nominal 
power of the engine. 

45.25«-r81«5 = 65 horses' power. • 

Ex. 5. — ^The force of the steam in a boiler is 80 lbs. 
per square inch above the pressure of the atmosphere ; 
u it were applied to a non-condensing engine, so as to 
produce a power equal to 6 horses, what must be the 
evlinder's diameter f 



cylinder 



^/11.8 X 6=8.25 inches diameter. 
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Ex. 6. — The diameter of the cylinder of a Don-coiW. 
denaing engine is 8.25 inches, and the steam at SO Ibtt 
per square inch, required the engine's power. 
8.25'-T'l 1.3=6 horsea' power. 

A Table of Ihe CaTHpanttiva elaitie foree of Heont ohm 
sguare or eirdilar ineh of a lofety vahe,^ , ■,-j 



The preceding questions aie very emaeumtlj coat- 
pnted by means of the sliding rule. 

1. BjftbeaigiHeer'tin^roviidiiiiiHgrvle.-^Alvpfm 
B to the number of cin»lar inches allowed to a hone 
power upon A, and againat the number of horses' power 
upon C is the cylinder's diameter in inches upon D ; Or, 
against die cylmder's diameter in inches upon D is the 
number of horse*' power upon C. 

ThoB, set 1 upon B to SO upon A, t(nd againat my 
number of hones' powetuponC isthedianMterininchea 
upon D, for common condensing engines. 

2. By tlte eonmoH lUding mle.— Set 1 upon C to tbe 
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diameter of a cylinder equal to 1 horse power upon D, 
and against any diameter upon D is the number of 
horses' power upon C ; Or, against any number of 
horses' power upon C is the diameter of the cylinder in 
inches upon D. 



KoTE. — The square root of any numher of circular inches to a horse 




inches, or the diameter of cylinders for non-condensing engines of 1 
horse power, with steam above the pressure of the atmosphere equal to 
25, 80, 40, and 50 lbs. per square inch. 

Ex. 1. — ^What diameter must a cylinder be for a con- 
densing engine to equal 20 horses' power ? 

Set 1 upon B to 30 upon A, and against 20 upon C 
is 244 upon D, 

When the rule is thus set, C is a line of horses' power, 
and D a line of diameters for cylinders corresponding to 
that power. 

Ex. 2, — ^What number of horses' power will a high 
pressure engine be equal to when die cylinder is 12 
inches diameter, and steam 80 lbs. per square inch ? 

^ Set 1 on B to 11.3 upon A, and against 12 upon D is 
12.7 horses' power upon C. 

Suppose the same to be required upon the common 
slide rule, 

1. — Set 1 upon C to 5.47 upon D, and against 20 
upon C is 24^ upon D. 

2. — Set 1 upon C to 3.4 upon D, and against 12 upon 
D is 12.7 upon G. 



B 2 
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Tnhle of the diameters of Cylinders for Steam Engines of 

Nominal horse*s power. 



STATIONARY 

CONDENSING 

ENOINB8. 



HtGH PRBSSUIIB. OR 
)40N-C0NDBNSING ENGINES. 



Diameters of Cylinders in 
inches the foree of the 
steam belngi per square 
Ineh, 




Of the Steam Engine Indicator, its application, S^c. 

The properly effective power of an engine to any. 
degree of exactitude can only }}e ascertained through 
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the medium of an indicator ; that is, an instrument by 
means of which the effective force of the steam on the 
piston and extent of vacuum in the cylinder may at all 
times be equally exhibited. Tn peculiarity of con- 
struction it is simply a small (Cylinder truly bored, and 
into which a piston is inserted and loaded by a spring of 
suitable elasticity to the graduated scale thereon at- 
tached. 

The action of an indicator is that of describing on a 
piece of paper attached, a diagram or figure approxi- 
mating more or less to that of a rectangle, varying of 
course with the merits or demerits of the engine's pro- 
ductive effect. The breadth or height of the diagram 
is the sum of the force of the steam and extent of the 
vacuum ; the length being the amount of revolution 
given to the paper during the piston's performance of its 
stroke. 

To render the indicator applicable it is commonly 
screwed into the cylinder cover, and the motion to the 
paper obtained by means of a sufficient length of small 
twine attached to one of the radius bars ; but such 
application cannot always be conveniently effected, 
more especially in engines on the marine principle, hence, 
other parts of such engines, and other means whereby 
to effect a proper degree of motion, must unavoidably 
be resorted to. In those of direct action the cross head 
is the only convenient place of attachment ; but 
because the length of the engine's stroke is considerably 
more than the movement required for the paper on the 
indicator, it is necessary to introduce a pulley and axle, 
by which means the various movements are qualified to 
suit each other. 

When the indicator is fixed and the movement for the 
paper properly adjusted, allow the engine to make a few 
revolutions previous to opening the cock ; by which 
means a horizontal line will be described upon the paper 
by the pencil attached, and denominated the atrnp- 
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aphexic line, because it distingaislies between the effect 
of the steam and that of the vacuum. Open the cock, 
and if the engine be upon the descending stroke, the 
steam will instantly raise the piston of the indicator, 
and by the motion of the paper with the pencil pressing 
thereon, the top side of the diagram will be formed. — 
At the termination of the stroke and immediately pre- 
vious to its return, the piston of the indicator is pressed 
down by the surrounding atmosphere, consequently the 
bottom side of the diagram described, and by the time 
the engine is about to make another descending stroke, 
the piston of the indicator is where it first started from, 
the diagram being completed ; hence is delineated the 
mean elastic action of the steam above that of the atmo- 
spheric line, and also the mean extent of the vacuum 
underneath it. 

But in order to elu- f ^^ 

cidate more clearly, by I ' ' ''* '' 1^ ' ' 
example the following 
diagram, taken by one 
of M^Naught's indica- 
tors from a marine en- 
gine, the steam being 
cut off after the piston 
had passed through 
two-thirds of its stroke, 
the graduated scale on 
the indicator tenths of 
an inch, as shown at 
each end of the diagram 
annexed. 

Previous to the cock 
being opened, the at- 
mospheric line A B 
was formed, and when 
opened the pendl was 
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instantly raised by the action of the steam on the pis- 
ton to C, or what is generally termed the starting comer ; 
by the movement of the paper and at the termination 
of the stroke the line C D was formed^ showing 
the force of the steam and extent of expansion ; 
from D to £ show the moments of eduction ; from 
£ to F the quality of the vacuum ; and from F 
to A the lead or advance of the valve ; thus every 
change in the engine is exhibited, and every 
deviation from a rectangle, except that of expansion 
and lead of the valve show the extent of proportionate 
defect. Fxpansion produces apparently a defective 
diagram, but in reality such is not the case, because the 
diminished power of the engine is more than compen- 
. sated by the saving in steam. Also the lead of the 
valve produces an apparent defect, but a certain amount 
must be given, as being found advantageous to the work- 
ing of the engine, but the steam and eduction comers 
ought to be as square as possible; any rounding on 
the steam comer show a defect from want of lead; 
and rounding on the eduction comer that of the passages 
or apertures being too smalL 



To compute the power of an Engine from the Indicator 

Diagram, 

Rule. — Divide the diagram in the direction of its 
length into any convenient number of equal parts, 
through which draw lines at right angles to the atmo- 
spheric line, add together the lengths of all the spaces 
taken in measurements corresponding with the scale on 
the indicator, divide the sum by the number of spaces, 
and the quotient is the mean effective pressure on the 
piston in lbs. per square inch. 

Let the result of the preceding diagram be taken as 
an example. Then, the whole sum of vacuum spaces 
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:£l220-hlO=12.2 lbs. mean effect obtained by the 
'vacuum; -and in a similar manner the mean effective' 
pressure of steam is found to be 6.28 lbs., hence the 
total effective force= 18.48 lbs. per square inch. And 
supposing 2.5 lbs. per square inch be absorbed by friction, 
"What is the actual power of the engine, the cylinder's 
diameter being 32 inches, and the velocity of the piston 
226 feet per minute ? 

18.48^2.5=15.98 lbs. per square inch of nett 

available force. 
Then 82»X.7854X15.98X226^33^^^^^. 

33000 

The line under the diagram and parallel to the atmo-> 
spheric line is l^ths distant, and represents the perfect 
vacuum line, the space between showing the amount of 
force with which the uncondensed steam or vapour 
resist the ascent or descent of the piston at every part 
of the stroke. 

As the mean pressure of the atmosphere is 15 lbs. 
per square inch, and the mean specific gravity of mercury 
13560, or 2.037 cubic inches equal 1 lb., it will of 
course rise in the barometer attached to the condenser 
about 2 inches for every lb. effect.of vacuum, and as a 
pure vacuum would be indicated by 30 inches of 
mercury, the distance between the two lines shows 
whether there is or is not any amount of defect, as 
sometimes there is a considerable difference in extent of 
vacuum in the cylinder to that in the condenser. 

THE COKDENSER, COLD WATER PUMP, AIR POMP, &C. 

When steam is exposed to any degree of cold, ita 
heat is abstracted, its elastic force diminished, and, in 
proportion to the intensity or quantity of cold, is sooner 
or later destroyed by condensation, re-assuming its 
former state as water, by which it is reduced in bulk 
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nearly 2000 times ; hence its peculiar and adyantageons 
properties in that of the condensing engine. 

The usual mode of affecting condensation, whereby 
to produce a vacuum in the steam engine, is by an in- 
termixture of the steam with that of cold water in a 
vessel conveniently communicating with the eduction 
valve from the cylinder, the vessel being so sufficiently 
formed as to defy any admission of atmospheric air, 
otherwise than what may be carried in by the steam 
and by the water, through which condensation of the 
steam is to be accomplished. 

Water is found invariably to contain atmospheric, 
air, and not unfrequently carbonic acid and other gases, 
which are not destroyed, but merely separated by the 
caloric or heat necessary to the formation of steam, and 
with it are carried into tiie cylinder ; hence the propriety 
of the Air pump, by which to remove the heated vapours 
that would thus accumulate in the cylinder to impede 
the piston's motion, and also to remove the water Brom 
the condenser, after its having performed the du^ of 
destroying by absorption the calorific properties of the 
steam. 

The capacity of the condenser ought to be as lai^ as 
circumstances will conveniently admit, and certainly, 
not less than one-eig&th the capacity of the cylinder ; 
and it ought to be particularly observed in those of 
marine engines, that where the bottom of condenser and 
bottom of cylinder are nearly on the same line, care be 
taken in making the passage between the valves and 
condenser sufficiently large to contain the condensing 
water for one stroke of the piston, besides leaving ample 
communication, otherwise the connexion between ihe 
cylinder and air pump will be cut off by water of nearly 
100^ of heat, on account of the cylinder beiiig twice' 
filled with steam for tfach effective stroke of the air 
pump. 

To produce the greatest amount of effisct in an 
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eufpsaet the condensed water ought not to exceed in 
temperature 100^ Faht., and to obtain which requires 
about 30 cubic inebes of water, at a mean of temperature 
for every cubic foot of steam at 220^, to which point it 
|p generally reduced by expansion ; but, because of 
imperfections, uncertainty of tenq»erature, &c., an addi- 
tion of ^th, or 85 cubic inches, is the quantity by 
whieh to estimate the dimensions of the cold water 
pump ; hence is deduced the following rule. 

Divide 90 times the cubical capacity of the cylinder 
in feet by the pump's length of stroke in inches, and 
the square root of the quotient equal the diameter of 
the pump in inches. Or, divide the quotient by the 
square of the pump's diameter in inches, and the 
quotient equal the length of stroke. 

Example. — ^What diameter of pump is necessary for 
an engine with a cylinder of 30 inches, or 2^ feet 
diameter, stroke 6 feet, and the stroke of the pump to 
equal half the stroke of the engine, or 36 inches ? 

Area of cylinder =; 4.9 square feet. 

Then, ^'^ X ^ X ^Q = ^ 2646 = 8.5 inches diameter. 

2646 

Or, = 36 inches, length of stroke. 

8.5* 

The capacity of the Air pump is governed in a great 
measure by the temperature of the water that can be 
procured for condensation ; in some land engines, where 
water in the locality is scarce, it has of necessity to be 
used over and over continually ; in others of the same 
description, water can be obtained at a very low degree 
of temperature, consequently a pump of less capacity is 
required. Water for like purposes in marine engines is 
of less fluctuation in temperature ; but another matter 
of contention arise instead, namdy, when the paddle 
wheels are in an instant brought to a greatly reduced 
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velocity by the shock of a sea, during which time the 
rash of water into the condenser is not lessened, but be- 
comes considerably accumulated for the next or following 
stroke of air pump bucket ; hence it will be observed 
that, in practice, little more than approximation can l^e 
laid down as a general rule. 

To find the proper quanUty of water for condensation of 
steam at a given temperature, the temperatures of thjp 
condensing and condensed waters being given. 

Rule. — To 1000 add the temperature of the steam, 
and from the sum subtract the temperature of the con- 
densed water : divide the remainder by the temperature 
of the condensed water, minus the temperature of the 
condensing water, and the quotient is the number of 
times that the quantity for condensation must exceed 
that from which the steam is formed. 

Example. — Required the ratio or quantity of water 
for condensation to 1 of water for the formation -of 
steam, the temperature of the condensing water being 
45°, the steam 225°, and that of condensed water 110^-» 

1000+ 225-110^ m5^ ^^ ^^^ ^^^ . 

110—45 65 ^ J 

To estimate for the capacity of Air pump, in accordance 

with common practice. 

Rule. — Divide the capacity of the steam cylinder in 
circular inches by 4 or 5 times, (as necessity may re- 
quire,) the stroke of air pump also in inches, and the 
square root of the quotient equal the pump's diameter 
for land engines. For marine engines take six times the 
air pump's stroke for a divisor. 

Example 1. — Required the diameter of an air pump 
for a land engine, the cylinder of which to be 20 inches 
diameter, the length of stroke 4 feet or 48 inches, the 
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Stroke of lihe pump to be balf that of the piston, and 
the divisor to be five times the air pump's stroke. 

= 12.649 inches diameter. 



X 48 _ A 
5^ 24 V 



6 X 24 \^ 120 

Example 2. — Suppose it be found that a marine 
engine, with a cylinder of 36 inches diameter, and stroke 
of 3| feet, require an air-pump 20.78 inches diameter, 
when the stroke of the pump is half that of the piston, 
but the pump having of necessity to be placed 3 inches 
farther from the centre of the beam or side lever, required 
the length of stroke when there situated, and also the 
diameter, to be that of an equal capacity, to the given 
diameter at half the stroke of the piston, the beam or 
levers having a radius of 5 feet, or 60 inches. 

The studs for working the pump being placed 3 inches 
further out than half stroke, of course gives a radius of 
33 inches. And as 60:42: :33:23.1 inches length of 
stroke. Hence, 

-:r=-: :: = / Ti^Tr-;: = 19.82 inches diameter. 

23.1 X 6 sj 138.6 

OF THE SLIDE VALVE, ECCENTRIC, &C. 

• The slide valve in a steam engine is a well known 
contrivance by which, in conjunction with the eccentric, 
a continuous reciprocating movement of the piston in 
the cylinder is effected by the alternate admission and 
eduction of the steam, the principal observations and 
calculations connected therewith being the following : — 

1. To determine what extent of lap or cover is neces- 
sary on the steam side of a slide valve, so as to cut 
the steam off at any required point of the stroke. 

Rule. — Divide by the length of the piston's stroke 
in inches the distance the piston has to travel when the 
steam is cut off; multiply the square root of the quo- 
c B « F 



58 07 THE STEilM SfiiDE. 

tient by haJf the stroke of the nlre, also in inches, and 
from the product deduct half the lead, the remainder is 
the lap or coyer required. 

Example. — Suppose an engine, the piston of which 
to have a stroke of 3 feet or 36 inches, and the steam 
to be cut off when the piston has moved through 23.4 
inches, the travel of the valve being 5 inches, and the 
lead i of an inch, what is the lap or cover required ? 
36 — 23.4 = 12.6 inches, the distance the 
y-^ piston has to travel. 

And, \ / oTT S5S .5916 X 2.5 being haK the travel 

^ ^^ of valve = 1.479 - .125, 

or half the lead, = 1*354 inches, the lap or cover 

required. 

2. To find at what point of the stroke the steam will be 

cut off hf a gwen lap of valve. 

Rule. — To the lap of the valve on the steam side in 
inches add half the lead, divide the sum by half the 
travel of the valve, multiply the square of the quotient 
by the piston's stroke in inches, and the length of the 
stroke, minus the last product, equal the distance the 
piston will have travelled when the steam is cut off. 

Example. — ^Let the last example be reversed. 
Lap of valve 1.354 inches, half of lead .125 inches, 
and stroke of piston 36 inches ; hence 

1.354 + >125 _ j^^jj^ X 36 = 12.6 and 36 - 
2.5 
12.6 = 23.4 inches the piston has travelled 
when the steam is cut off. 

3. To determine a proper amount of lead for the slide 

valve of a steam engine. 

Rule. — Multiply the square of the cylinder's di- 
ameter in inches, by th^ number of revolutions made 
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bjr the crank shaft per minate ; cut off from the right 
hand oi the product four figures for decimals ; divide 
the remainder by the length of the steam aperture in 
inches, and the quotient is the lead in inches that ought 
to be given to the valve. 

Example. — Suppose an engine with a cylinder of 30 
inches in diameter, number of revolutions per minute, 
19, and the length of steam aperture 12 inches. 

30^ X 19s: 17100, and with four figures pointed 

off for decimals is 1.7100 ^.^ _^ _ 

— -— — =.142 parts of an 

indi, the lead required. 

NoTE.^The trarel of a slide ralve equal tke widtii of the two 
steam openings, plus the lap of the valve over each opening, and 
the length it will cover, by its movemeift on the cylinder, equal 
twice the travel of the valve, plus the distance between the two 
steam openings. — Observe also, that the apertures for condensing 
engines ought to be about ^th, and for non-condensing engines 
-]^th ai the square of the cylinder's diameter, and in all oasesj as 
much of the area in the length as can be practically admitted. 

To determine the various peculiarities of throw^ travel, 
4*c., that exist between an eccentric and slide valve, 
when levers intervene, 

1. When the travel of the valve, the length of the 
lever to which the eccentric rod is attached, and the 
length of the lever by which motion is communicated 
to the valve, being given, to find the proper amount of 
eccentricity for the camb, or throw of eccentric. 

Rule. — Multiply the travel of the valve by the 
length of the lever to which the eccentric rod is attached, 
and divide the product by the length of the lever for 
communicating motion to the valve^ and the quotient is 
the throw of eccentric. 

2. When the travel of the valve, the length of the 
lever to which the eccentric rod is attached, and also 
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the throw of eccentric is given, to find what must be 
the length of the lever for immediate commimication 
with the valve. 

Rule. — Multiply the travel of the valve by the length 
of the lever to which the eccentric rod is attached, and 
divide the product by the throw of eccentric, the quo- 
tient is the length of lever required. 

3. When the throw of eccentric, length of lever for 
immediate communication with the valve, and travel of 
valve is given, to find the length of the lever to which 
the eccentric rod is attached. 

Rule. — Multiply the throw of eccentric by the 
length of the lever in immediate connexion with the 
valve, and divide the product by the travel of the valve, 
the quotient is the length of lever to which the eccentric 
rod is attached. 

4. When the throw of eccentric, and the lengths of 
both levers are given, to find the travel of the valve. 

Rule. — Multiply the throw of eccentric by the 
length of the lever which is in immediate connexion 
with the valve, divide the product by the length of 
the lever to which the eccentric rod is attached, and the 
quotient equal the travel of the valve. 

Note. — It must be obseryed that all the dimensions are in 
equal terms of unity, that is, if one dimension be taken in inches, 
all the others must also be in inches, or, if one is taken in feet, 
so must all the others be in feet, &c. 

Then, suppose for a general example, 

The travel of the valve = 8 inches 

Length of lever attached to eccentric rod = 6 
Length of lever in connexion with valve =12 
Throw of eccentric = 4 






— -— — = 4 inches, throw of eccentric, 

F 2 
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8x 6 

4 

4X12 
8 

4X12 



12 99 length of lever in connexion 

with valve. 

6 ,» length of lever attached to 

eccentric rod. 



8 



»» 



travel of valve* 




The throw of an eccentric, the travel of the valve, aUo 
the length of any one lever being given, to find the 
length of the other geometrieaUg. 

On any right line, as A B, 
describe a circle, A D, eqnal 
to the throw of eccentric and 
travel of valve, then from C as 
a centre, with a radius equal to 
the length of lever given, cut the line A B as aft <l, on which 
describe a drcle equal to the throw of eccentrio or travel 
of valve, as may be required ; draw the tangents B a, 
B a, cutting ea(m other in the line A B, and dBis the 
length of the lever as required. 

The throw of an eccentric is equal to the 
sum of twice the distance between the 
centres of formation and revolution, as a 5, 
or to the degree of eccentricity it is made 
to describe, as c d. 

To find the proper position for an eccentric, in relation 
to the crank of a eieam engine, the angle of eocentric 
' rod and travel of the valve being given* 
Draw the right Hne A B, as 

the situatioii of tha crank at 

commencement of the stroke ; 

draw also the line C D, as the 

proper givoa angle of eecentric 

rod with the crank ; then from 

C as centre, describe a circle equAl to the travel of the 

valve ; draw the line C F, at ri^ ang^ to the line 

C D, draw also the lines 1, 1, and 2, 2, parallel to the 
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line C F, and at a distance equal to the lap and lead of 

the valve, draw the angular lines CI, C 2, which are the 

the angles of eccentric with the crank, for forward or 

backward motion, as may be required. 

Note. — The lap of the yalve is a certain additional breadth of 
its face on the steam side, more than sufficient to coyer the aper- 
ture in the cylinder when the yalve is at half stroke ; and the lead 
is properly what the steam aperture is open for admission of the 
steam, when the piston is at the top or bottom of the cylinder, 
about to commence the returning stroke. 

Of the Beam or Slide Levers of a Steam Engine, 

The beam of an engine during its motion describes 
a curve more or less, varying with the radius of the 
beam and length of the stroke, the deviation from the 
straight line being the versed sine of the arc described 
by the beam ; hence the determined point for the centre 
of the cylinder, so that the angles of the links in the 
parallel motion may be rendered equal, and to effect 
which observe the following rule : — 

To the radius, or half the length of the beam, add 
half the length of the stroke, multiply the sum by their 
difference, and from the radius subtract the square root 
of the product, the remainder equal the versed sine in 
equal terms of unity. 

Example. — What is the versed sine to the arc formed 
by the beam of a steam engine, the radius of the arc, or 
half the length of the beam being *7i feet, and the stroke 
of the piston 5 J feet. 

Half the stroke equal 2,75 feet. 
Then, 7.5 + 2.75 = 10.25 and 7.5 - 2.75 = 4.75, 
hence, V 10.25 X 4.75 =6.9775 and 7.5-6,9775 
= .5225 of a foot for the versed sine, which 
may be reduced to inches and parts, 
Thus, .5225 

X 12, because 12 inches = 1 foot. 

"6^27 
X 8, because 8 parts = 1 inch. 

2.16, or 6| inches nearly. 



Note. — The length of the beam is generally made three times 
the length of the stroke. 
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Table of versed Sines to Beams and Strokes of vatious 

lengths. 
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OF THE PARALLEL MOTION. 

The parallel motion in a steam engine is the means 
employed for the guidance of the piston and rod in a 
truly rectilenial path, when the eiFective power of the 
steam is to he transmitted through the medium of a 
beam or levers moving upon an axis ; hence, various 
modifications are inevitably required, (see Table of 
Parallel Motions,) but whatever may be the form de- 
manded by the situation, the principle remains the same, 
and its accuracy entirely depends upon the radius rods 
being of a proper length, for which the following ap- 
proximate rule will be found sufficiently correct. 

Rule. — From the radius of the beam or lever, sub- 
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tract the length of parallel bar, divide the square of the 
remainder by the length of die parallel bar, and the 
quotient is the length of radius rods in equal terms of 
unity. * 

Example. — Suppose the radius or half length of a 
beam equal 84 inches, and the length of parallel bar 48 
inches, required the length of radius rods, 

84—48=36 and-- — =27 inches, length of radius rods. 

48 ^ 

A Table cotUaifUM the lengihs of Radius Mods for 
Motions f with n earns and Parallel Bar* of various 
lengths. 
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To obtain the proper lengths of Connecting RodSf Side 

Rods, ^c, 

1. The proper length for the connecting rod of a 
beam engine is the perpendicular distance between the 
centre of beam and centre of fiy wheel shaft. 

2. The proper lengths for the side rods of a lever 
engine is the perpendicular distance between centre of 
lever, and centre of piston crosshedd at half stroke. 

3. The proper lengths for connecting rods of direct 
action engines, is the distance between the centre of 
crank axle, and centre of piston crosshead at half stroke. 

4. The proper length for an eccentric rod is the dis- 
tance between the centre of fly wheel shaft, or centre of 
revolution, and centre of stud in traverse shaft, when 
the valve is at half stroke. 

OF THE FLT WHEEL. 

The fly wheel is a heavy circular ring, generally of 
cast iron, and for the purpose of equalizing the motion 
of the engine, by absorbing the surplus force at one part 
of the action to distribute it again when the action is 
deficient. Its diameter is from 3 to 3^ times the length 
of the stroke, and for safety should not exceed, in the 
velocity of its rim, 12 feet per second. 

Numerous rules exist amongst engineers by which to 
determine the proper weight for the rim of a wheel of 
given diameter and velocity, some of less and others of 
more complexity in their mode of calculation ; but the 
following I have selected for its simplicity, and probably 
equal efficiency to any of those professedly of more 
minute investigation. 

Rule. — Divide 1400 times the number of horses' 
power the engine is equal to, by the diameter of the 
wheel in feet, multiplied by the number of revolutions 
per minute, and the quotient is the weight of the ring 
or rim of the wheel in cwts. 
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£xA,MPLB« — Reqiiired the weight proper lor the lim 
of the fly wheel to an engine of 30 horses' power, the 
diameter to be 26 feet, and to make 18 revolutions per 
minute : 

1400X30^42000^^3 3^^^ 

25 X 18 450 

The following rule from Tredgold is comparatiyely 
simple, and may be used without taking the power of 
the engine into account. 

Rule. — Multiply 40 times the pressure on the piston 
in lbs, by the radius of the crank in feet, — divide the 
product by the cube of the radius of the wheel in ffeet, 
multiplied by its revolutions per minute, and the 
quotient is the sectional area of the rim in inches. 

Example. — Suppose a cylinder of 30 inches diameter, 
steam at 18 lbs. per square inch, radius of crank 3 feet, 
diameter of wheel 25 feet, velocity 18 revolutions per 
minute : required the sectional area of the rim. 

Area of piston = 706 inches. 

706 X 18 X 40 X 3 1524960 ^„ . ^ 

= = = 43 uiches. 

12.53 X 18 85154 <>"*«"«• 

the cross sectional area. 

To determine the dimensions of the ring^ suitable to a 

giioen wei^ in cast iron. 

Rule 1. — Make the breadth in inches about equal to 
the square root of the weight in cwts, 

2. — Add together the inside and outside diameters of 
the ring in inches, multiply the sum by their difference, 
and by .2065 for a devisor, by which divide the required 
weight in lbs., and the quotient is the thickness of the 
ring in inches. Thus, — Suppose the weight and dia- 
meter of the wheel as above ; required the breadth and 
thickness. 



V93.3 = 9.7 inches, breadth of ring, or say 9^, 
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Then^ 25 x 12 = SOO inehes^ and 
93.3 X 112 = 10449.6 lbs. 
300 — 19 = 281, or inside dkuneter. 
300 + 281 X 19 X .2065 = 2279.6, 

oopjq ^ = 4.5 inches in thickness. 

Or, if the ring be required of a cylindrical form, mul- 
tiply the square root of the cross sectional area by 
1.12837, and the product is the diameter. Hence, 

V9.5 X 4.5 X 1.12837 = 7.38 inches diameter. 

When a fiy wheel is not of sufficient weighty and the 
momentum is to he obtained hy increased velocity ^ to 
find the proper velocity required, 

Rui.£. — Multiply the required momentum of the 
wheel by the given number of revolutions per minute, 
and divide the product by the weight of the wheel ring 
or rim given, the quotient equal the number of revo- 
lutions required for the wheel per minute. 

Example. — Let the weight of a fly wheel rim equal 
43.3 cwt., with a velocity of 20 revolutions per minute, 
required the proper velocity, so that the momentum 
may be increased equal to 65 cwt., by using the same 
wheel. 

= 30 revolutions per minute. 

43.3 ^ 

When an engine requires a fiy wheel of a known weight 
at a given number of revolutions per minute, to find 
what weight of rim will be required when the velocity 
is either to be increased or diminished. 

Rule. — Multiply the given weight of rim, by the 
given velocity per minute, divide the product by the 
required volocity or number of revolutions per minute, 
and the quotient is the weight of the rim in equal terms 
of unity. 
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Example. — Suppose the required weight for the rim 
of a fly wheel be 65 cwt., at 20 revolutions per minute ; 
butof necessity the motion is compelled to be increased 
to 30 revolutions per minute ; required the weight, the 
rim of the wheel must be equal to 

— ^jr — = 43.3 cwt. for the weight of the rim. 
oO 

THE GOVERNOR, OR REGULATOR, 

Is a necessary appendage attached to land or sta- 
tionary engines, for the purpose of regulating the quan- 
tity of steam according to the quantity of work, and 
thereby causing a uniformity of motion, which other- 
wise would not be the case. 

Governors are variously constructed, to suit the dif- 
ferent situations in which they require to be placed, but 
their general principle is the same, and consists of a 
double pendulum attached to, and made to revolve round 
on a spindle by the power of the engine ; consequently, 
the pendulums ought to be of a certain length to corre- 
spond to a given velocity, — Or, the velocity made to 
correspond with pendulums of a given length. Hence, 
according to the nature of a pendulum, the square root 
of its length multiplied by the number of vibrations in 
a given time equal a number by which the length and 
number of vibrations of other pendulums are regulated ; 
thus, a pendulum that will vibrate seconds, or 60 in 
the latitude of London, is 39.1393 inches long ; and 
a/ 39.1393 X 60 = 375.36, or, for the purposes of a 
governor, 375 ; and hence, 

Rule 1 . — Divide 375 by the square root of the pen- 
dulum's length, and the quotient equal the vibrations 
per minute. Or half the quotient equal the number of 
revolutions in the same time. 

2.-^Divide 375 by twice the number of revolutions 
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per minute, and tl&e square of the quotient equal the 
pendulum's length in inches. 

Example 1, — Required the numher of revolutions 
per minute for a governor with pendulums SO inches in 
length. 

375 

= 68.5 r7- 2 = 34.25 revolutions per minute. 

Ex. 2, — Required the length of pendulums for a 
governor to make 47 revolutions per minute. 

375 

-r- -r = 3.99' = 15.92 inches in length. 

47 X 2 • ^ 

The motion of a governor is generally derived from 
the fly wheel shaft of an engine, and communicated by 
means of pulleys, wheels, &c. ; therefore, to find the 
diameter of a pulley, or number of teeth in a wheel to 
produce any required velocity, observe the following 

Rule. — Multiply the diameter of the pulley, or num- 
her of teeth in the wheel on tho governor spindle, by 
the velocity of the governor, or number of revolutions 
per minute, and divide by the velocity or number of re- 
volutions of the engine in the same time ; the quotient 
is the pulley's diameter, or number of teeth in the wheel 
on the fly wheel shaft. Or, multiply the velocity of 
the engine per minute by the diameter of the pulley, or 
number of teeth in the wheel on the fly wheel shaft, 
and divide by the required velocity of the governor ; 
the quotient is the pulley's diameter or number of teeth 
in the wheel on the governor spindle. 

Example. — Required the diameter of a pulley for 
the spindle of a governor, so that it may perform t6 re- 
volutions per minute ; velocity of the engine 22, and 
the pulley on the fly wheel shaft 18 inches diameter. 
22 X 18 



= 11 inches diameter. 
36 
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Ex. 9* — Suppose an engine and governor ntoated m 

follow : — 

Velocity of the engine 34 reyolutions per minute. 
Velocity of the governor 52 revolutions per minute^ 
Diameter of pulley on fiy wheel shaft 16 inches, 
Diameter of pulley on intermediate shaft 12 inches, 
AVheel on governor spindle 40 teeth $ 
Required the number of teeth in the wheel on the inter- 
mediate shaft. 

52 X 40 X 12 

34 ^ ^Q =s 46 teeth. 

£x. 3, — ^Again, suppose the engine and governor 
situated as above ; required the diameter of the pulley 
on the intermediate spindle. 

— 1^ = 12 inches diameter. 

52 X 40 

KoTV. — Tlie weight of the halls in lbs* ongbt to he ahont If time* 
the length of the pendulums in inehes, and the kvefs to the tnrotde 
▼alTe ought to be so adjusted that the greatest angle of the peiidB<« 
kimi wi& the spindle raaj not exceed 45 degrees. 

On the proper Management of a Steam Engine, 

In the duties of an engineer, one of the most im- 
portant is that of properly qualified attention to the 
boilef, it being not only that portion of the structure 
from which the most dangerous consequences may arise, 
but it is that, also, in which the vital principle of the 
engine is generated and supported ; — 

Every individual, before being considered duly qua* 
lified to undertake the cars of a steam engine, ought 
to be perfectly intimate with the following necessitous 
points connected therewith. 

I. — That it is of the most essential consequence to 
see that every accessible portion of the boiler is kept 
thoroughly clean, as on this, in a great measure. 
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depends its entire preservation and beneficial results to 
the economic production of steam. 

2. — That the flues or tubes be also kept clean and 
itll tight ; as a trifling leak soon destroys the boiler 
by oxidatibn, and accumulated soot prevents the gene- 
ration of steam, by the pnevention of heat to the water. 

3. — That the mud and man-hole doors are properly 
situated and securely screwed up ; as many accidents 
have occurred through apparent inattention to this 
important point ; in some instances the cross bars have 
not been properly situated, in other instances the 
threads of the screws have been rendered imperfect 
by oxidation, and not renewed. But let it be one 
undeviating maxim, that when steam is up, if a mud- 
hole door leak, never attempt to screw it up, but rather 
wait until the boiler is empty, then see that the joint 
is made properly. 

4, — That all cocks, or tubes, by which the quantity 
of water in the boiler is indicated, be free of mud or 
accumulation of scale, so as not, in the slightest de- 
gree, to intercept a free passage to the water. 

5. — ^That the boiler be filled to a proper height with 
water, as pure as possible, that is, free from saline 
anbstances or earthy matters, both of which are ex- 
ceedingly detrimental to a boiler. 

6. — That the float, (if any) by which to govern the 
quantity of feed water admitted into the boiler, be 
entirely free to rise or fall by its own gravity, with 
any fluctuation of the water. 

7. — That the safety valve is properly adjusted, and 
instantly buoyant, when the pressure of steam arrives 
at the calculated force indicated by the steam gauge. 

8. — That the fire bars are kept constantly covered 
with the fiiel, at as near as possible a uniform thickness, 
and the steam maintained at a proper height, observing 
to open the fire doors as seldom as possible. 
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These observations being applicable to the welfare 
Af all boilers whatever ; but further, in respect to 
marine boilers, where sea water is used, great attention 
is required on the part of the engineer on watch, to 
see that the feed is so set that it may, from the lowest 
point of water carried therein, accumulate so as to 
reach the top of the gauge glass ^wice every watch, 
or once every two hours, and as regularly blown out 
to where it began to accumulate ; if this be not properly 
attended to, the water may become super-saturated, and 
a deposit of salt formed upon the plates, in which the 
caloric will be retained, causing them, by its detention^ 
to become red hot ; ultimately, and not without danger, 
the boiler may be destroyed. 

In some vessels boilers are supplied with what are 
termed brine pumps, they being for the purpose of 
withdrawing from the boilers all water impregnated 
with salts, to a certain extent; but, it being found in 
practice that reliance cannot always be placed in them, 
it is prudent, and more satisfactory, to use occasionally 
an hydrometer, to test by the gravity of the water their 
qualified action. 

Saturated water contains about ^f parts of salt, but- 
reckoning the saltness of sea water 1 . that which is in 
the boiler should never, if possible, exceed 4. or ^ 
parts of salt. 

Engineers ought also to be familiar vrith what steps 
to pursue in the case of boilers priming or fermenting, 
this being found frequently to take place, especially in 
those that are short of steam room, and, occasionally, 
in changing from fresh to salt water, or from salt to 
fresh, particularly if the water is muddy ; such cases 
require generally a partial closing of the throttle valves, 
also a diminution of the supply of injection, and open*-' 
ing. of the furnace doors. But if the priming continue 
to defy all such means resorted to, as in some instances 
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I have witnessed, then, of necessity, damp the fires 
with water, taking due precaution not to stand opposite 
the doors, whereby to catch the effects of scaldjjig, by 
the rush of steam unavoidably formed in the furnace. 
Drawing the fires is a more preferable determination, if 
time can be obtained, but sometimes the diminution of 
water in the gauge glass is so rapid, that delay, to 
effect such a purpose, is unsafe. If, by neglect or 
otherwise, the plates of the furnaces should become red 
hot, through deficiency of water in the boiler, water 
should not, by any means, be thrown upon them whilst 
in that state, neither ought the safety valve to be 
opened, as pernicious consequences would, in all pro- 
bability, be the ultimate result. 

The engine of itself requires little of intricate atten* 
tion, but it is necessary that every 'engineer should b* 
possessed of a properly qualified knowledge of the. 
nature and actual utility of the various parts of which 
the machine is composed, and also of a ready conceptive 
mind, formed by studious investigation and a jealous 
watchfulness to probable consequences likely to arise 
through any sudden derangement, which sometimes 
unavoidably takes place, and most frequently where the 
means of renewal or that of obtaining a proper repair 
is quite inaccessible. Proper attention to all the bear^ 
ings is particularly necessary, so as to guard against 
their becoming hot, and causing to them ultimate 
destruction by tearing or cutting of their surfaces. 
Attention to all the packings is also particularly neces- 
sary, and to see that no portion of air whatever be 
admitted, so as to destroy the effects of the vacuum in 
any degree ; and the temperature of the condenser, or 
the condensed water, ought never, if possible, to exceed 
100^ Fahrenheit. These remarks, and a due care to 
lubrication, are the chief demands that the engine re« 
quires in all ordinary cases of working* 
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OF THE SCREW, AS A PROPELLER. 

The screw, as a mode of propelling steam vessels, is 
now assuming so much importance that it requires a 
brief notice, although the cotiilicting results which have 
been obtained by different engineers precludes the pos- 
sibility at present of giving any well-ascertained pro- 
portions. This propeller is generally placed in the 
dead wood of the vessel, just before the rudder, and the 
shaft is parallel to the keel. 

The most approved screws are of two kinds : that 
having a uniform pitch or angle, and that which has a 
varying angle, invented by Mr. Woodcroft. The first 
is set off by describing a line round a cylinder at a 
uniform angle to the axis. In the second, the angle is 
continually increa^ng, and is set off by Mr. Woodcroft 
in^the following manner: — Draw a right line equal to 

the direct length of the 
spiral required, as i j, and 
on which describe the 
square i j k l ; draw the 
diagonal line i l, which line 
will fonn an angle with the 
line I J of 45 degrees ; di- 
vide the side i k of the 
square into four equal 
parts, and through the first 
of which draw the line c d 

parallel to the line i j ; from the angle i of the square 
draw the line i e at an angle of 55 degrees with the line 
I J, and where the line i e intersects the horizontal line 
G d dX the point A, it gives a point through which the 
segment of a circle fff must be drawn from the angle i 
to the angle l of the square i j K l. If then the paper 
or other medium upon which this segment of a circle 
fgis drawn be transferred to or rolled upon a cylinder, 
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then will the line fg point out upon the cylinder the 
outer circumference of the spiral worm required. 

To determine the proper pilch for a screw propellor, the 
velocity of the screw, the speed of the vessel, and aS" 
sumed slip of the screw being given* 

Rule. — Divide the velocity of the vessel, plus the 
assumed slip in feet per minute by the number of revo- 
lutions the screw is intended to make in the same time, 
the quotient will be the pitch of the screw in feet. 

Example. — Suppose the intended speed of a vessel 
to be 10 miles per hour, the expected slip 2 miles, 
and the revolutions of the screw 120 per minute. 

10 miles per hour = 8.60 feet per minute, and 
>» » » "* * •* »> >> >» then 
120! 860 + 172 : : 1 : 8.6 feet, the pitch required. 

To determine the amotmt of loss by slip, the speed of the 
vessel, the revolutions of the screw per minute, and the 
pitch of the screw being given. 

Rule. — Multiply the pitch of the screw by the num-> 
ber of revolutions per minute, and from the product 
subtract 88 times the speed of the vessel in English 
miles per hour, and the remainder will be the loss by 
slip in feet per minute. 

Ex ample » — Suppose the ascertained speed of a ves-^ 
sel propelled by a screw of 8.8 feet pitch is found to be 
10 English miles per hour, how much is lost by slip, 
the screw making 1 20 revolutions per minute : — 

10 X 88 = 880 and 120 X 8.8 :=i: 1056 ; Then, 1056 
^880 ss 176 feet per minute, or 2 miles per hour. 

To ascertain the amount of helical surface in one convo-^ 
lution of a screw* 

Rule. — Multiply the radii of the screw by the radii 
minus the radii of its shaft, or centre, the product is the 
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difference of their squares ; then multiply the difference 
of their squares by the constant number 3.1416, and 
that product by the secant of the angle of the screw, 
the result is the area of the helical surface in square 
feet. 

Example. — Suppose the radii of a screw equal 8 
feet, the diameter of its centre 2 feet, and the angle of 
inclination 27 degrees, required the helical surface. 

8 X 7 = 56 X 3.1416 X 1.1223=197.4458 square feet. 

The distance which a screw traverses while working 
in a solid, and making one revolution, is called the 
pitch; and the difference between the pitch, and the 
actual distance which a vessel would proceed while the 
screw made one revolution, is called the slip. 

The usual method of working the screw, is to place 
the ordinary marine engine in the centre of the vessel, 
and connect it, by spur wheels, to a horizontal shaft 
to which the screw is attached. This shaft is made to 
revolve much faster than the engines, to give a great 
velocity to the screw. 

Mr. Grantham, of this town, has, however, adopted 
a plan by which the spur wheels are removed, and the 
engines applied direct to the screw shaft. This system 
offers so many advantages, and has been attended with 
so much success, that we have given a plate to show 
the mode of applying it* 
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Table of .Approximate Rules for practical purposes. 

Diameter of a circle x 3. 141 6= the circumference. 
Circumference „ X. 3 1831= the diameter. 
Diameter „ x .8862= the side of an equal square. 

Diameter „ x .7071 =the side inscribed square. 

Side of a square X 1 . 1 28= the diameter of an equal circle. 
Square of diameter X .7854=the area of the circle. 
Square root of area X 1 . 1 2837= the diam. of equal circle. 
Square of the diam . of a sphere x 3 . 1 4 1 6 = convex surface. 
Cube of the diameter of a sphere X. 5236= the solidity. 
Diameter of a sphere x .806= dimensions of equal cube. 
Diameter of a sphere X .6667= length of equal cylinder. 
Square inches X .00695= square feet. 
Cubic inches x .00058= cubic feet. 
Cubic feet X. 03704= cubic yards. 
Circular inches X .004 5 6=: square feet. 
Cylindrical inches x .00045 46= cubic yards. 
Cylindrical feet X. 02909= cubic yards. 
Lineal feet X. 000 1 9= English miles. 
Lineal yards X. 000568= English miles. 
Square yardsx. 0002067= English acres. 
Avoirdupois lbs. x .009=cwts. 
Avoirdupois lbs. X .00045=: tons. 
Cubic feetx6.232=imperial gallons. 
Cubic inches X .003607= imperial gallons. 
French metres X 3.281= English feet. 

litres X .2202=imperial gallons. 

grammes X .002205= avoirdupois lbs. 

kilogrammes X 2.205 = avoird up Dis lbs. 
183.346 circular inches=l square foot. 
2200 cylindrical inches= 1 cubic foot. 
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Table of Natural Sines, Co'Sines, TangenU, Co-tangents, Steants, 
and Co-secants, to every degree of the Quadrant. 
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66 


25 


.42262 


.90631 


.46631 


2.14451 


1.10338 


2.36620 


65 


26 


.43837 


.89879 


.48773 


2.0503D 


1.11260 


2.28117 


64 


27 


.45399 


.89101 


.50952 


1.96261 


1.12233 


2.20869 


63 


28 


.46947 


.88295 


53171 


1.88073 


1.13257 


2.13005 


62 


29 


.48481 


.87462 


.55431 


1.80405 


1.14335 


2.06266 


61 


30 


50000 


.86603 


57735 


1.73205 


1.15470 


2.00000 


60 


31 


.51504 


.85717 


60086 


1.66428 


1.16663 


1.94160 


59 


32 


.52992 


.84805 


.62487 


1.60033 


1.17918 


1.88708 


58 


33 


54464 


.83867 


.64941 


1.53986 


1.19236 


1.83608 


57 


34 


.55919 


.82904 


.67451 


1.48256 


1.20622 


1.78829 


56 


35 


.57358 


.81915 


.70021 


1.42815 


1.22077 1.74345 


55 


36 


58778 


.80902 


.72654 


1.37638 


1.23607 


1.70130 


54 


37 


.60181 


.79863 


.75355 


1.32704 


1.25214 


1.66164 


53 


38 


.61566 


.78801 


.78129 


1.27994 


1.26902 


1.62427 


52 


39 


.62932 


.77715 


.80978 


1.23490 


1.28676 


1.58902 


51 


40 


,64279 


.76604 


.83910 


1.19175 


1.30541 


1.55.572 


50 


41 


.65606 


.75471 


.86929 


1.15037 


1.82511 


1.52425 


49 


42 


.66913 


.74314 


.90040 


1.11061 


1.34561 


1.49448 


48 


43 


682U0 


.73135 


.93251 


1.07237 


1.36766 


1.46628 


47 


44 


.69466 


.71934 


.96569 


1.03553 


1.39012 


1.43956 


46 


45 
Deg. 


.70711 


.70711 


1.00000 


1.00000 


1.41421 


1.41421 


45 
Deg. 


Co-gliie. 


Ones. 


Oo-tang. 


Tsng. 


Co-eea j. Beoants. 



WBIOBT as SatlARB BAll IKOV. 
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TdUe eoniaming ike weight ef Sqttare Bar Ircn, from 1 to 10 
feet in length, and from I of an inch to 6 inche* equare. 



t 



LENGTH OF THE BARS IN FEET. 



•gg Ifoot. 



In. 



LbA. 



0.2 
0.5 
0.8 
1.8 
1.9 
2.6 

8.4 
4.3 
5.3 
6.4 
7.6 
8.d 
10.4 
11.9 

18.5 
15.3 
17.1 
19.1 
21.1 
23.3 
25.6 
27.9 



Sfeet. 
Lbs. 



0.4 
1.0 
1.7 
2.6 
3.8 
5.2 

68 
8.6 
10.6 
12.8 
15.2 
17.9 
20.7 
23.8 

27.0 
30.5 
34.2 
3&1 
42.2 
46.6 
51.1 
55.9 



3 feet 



0.6 
1.4 
2.5 
4.0 
5.7 
7.8 

10.1 
128 
15.8 
19.2 
22.8 
26.8 
31.1 
35.6 

40.6 
45.8 
51.3 
67.2 
63.4 
69.9 
76.7 



4 feet 



Lba. 



0.8 
1.9 
8.4 
5.8 
7.6 
10.4 

13.5 
17.1 
21.1 
25.6 
30.4 
35.7 
41.4 
47.5 

54.1 
61.1 
68.4 
76.3 
84.5 
93.2 
102.2 
83.8111.8 



304 60.8 91.2 

33.0 66.0 99.0 

35.7 71.4107.1 
38.5 77.0 115.5 
41.4 82.8124.2 

44.4 88.8133.3 

47.5 95.1 142 6 

50.8 101.5 152.3 



54.1 
57.5 
61.1 
64 7 
68.4 
72.3 
76.3 
80.3 



in. 



108.2 162.3 
115.0172.6 
1*22.1 183.2 
129.4194.1 
136.9 2(»5.3 
144.6 216.9 
152.5228.8 
160.7241.0 

169.0'253.4 
186.3279.5 
204.5306.7 
2233335.3 



84.5 

93.2 
102.2 
111.8^ 

12]j!243.3'365.0 



121.7 
132.0 
142.8 
154 
165.6 
177.7 
190.1 
•203.0 



Lba. 



6 feet 



Lbs. 



1.1 1.8 

2.4 2.9 

4.2 5.1 
6.6 7.9 

9.5 11.4 
12.9 15.5 

16.9 20.8 

21.4 25.7 

26.4 31.7 

32.0 38.3 

38.0 45.6 

44.6 53.6 

51.8 62.1 

59.4 71.3 

67.6 81.1 

76.3 9A.6 

85.6 102.7 

95.3 114.4 

105.6 126.7 

116.5 139.8 

127.8 153.4 

139:7 167.6 

152.1 182.5 
165.1{]98.1 
178.5!214.2 
192.5|231.0 
207.0248.4 
222.1266.5 
23771285.2 
253.8 304.5 



7 feet. 



Iitai. 



1.5 
3.3 
6.9 
9.2 
18.8 
18.1 

28.7 
29.9 
37.0 
44.7 
53.2 
62.5 
72.5 
83.2 

94.6 
106.8 
119.8 
133.5 
147.8 
163.0 
178.9 
195.7 



8 feet 



Iibe. 

1.7 

8.8 

6.8 

10.6 

15.2 

20.7 

27.0 
34.2 
42.2 
51.1 
60.8 
71.4 
82.8 
95.1 

1082 
122.1 
136.9 
152.5 
169.0 
186.3 
'204.5 
223.5 



216.3 270.4 
230.1 1287 6 
244.2305.3 
258.8 323.5 
•273.8 342.2 
289.2 3615 
30513813 
821.3401.7 

a37.9'4-2-2.4 
872.746.5.8 
409.0 5112 
447.05.'>8.8 

486.7 608.3 



324.5 
345.1 
366.3 
3882 

4107 
433.8 
457.6 
482.0 



506 
55.9.0 
613.4 
670.5 

730.0 



21-2.9 243.3 
•231.1264.1 
249.9-285.6 
•269 5 308.0 



Ofeet. 



289.8 
310.9 
33-2.7 
355.3 

378.6 
402.6 
4-27.4 
4.52.9 
479.1 
506.1 
533.8 
562.3 



9591 



.4 
652.2 
715.7 
782.3 

841.6 



331.3' 
355.31 
380.3 
406.0 1 

432.7 
460.1 
4884 
517.6 
.547.6 
578.4 
6101 
642.7: 



Iibe. 



1.9 

4.3 

7.6 

11.9 

17.1 

23.3 

30.4 
38.5 
47 5 
57.5 
684 
80.3 
93.2 
106.9 

121.7 
137.4 
154.0 
171.6 
190.1 
209.6 
230.0 
251.5 

273.7 
297.1 
321.3 
346.5 
372.7 
a99.8 
427.8 
456.8 

486.8 
517.7 
549.5 
58'2.3 
616.0 
650.7 
686.4 
7-23.0 



675.8 760.3 844.8 
74.5.3 838.5 931.7 

817.9 9-20.2 1022.4 
894.0 1005.8 1117.6 

.073.3 1009.5 I12I6.6 



lOfcet. 
Lbs. 



2.1 

4.8 

8.5 

13.2 

19.0 

25.9 

38.8 
42.8 
52.8 
63.9 
76.0 
89.3 
103.5 
118.8 

135.2 
152.6 
171.1 
190.7 
211.2 
2329 
256.6 
279.4 

304.2 
330.1 
357.0 
385.0 
414.1 
444.2 
475.3 
507.6 

540.8 
576.2 
610.6 
647.0 
684.5 
7-28.1 
762.6 
803.8 






t ROOItS BAK IKag. 



faniMW Ihe wtlahl iff Flat Bar Iron, 1 /out in lengO, 
Iff Donnu irtaiilhi imd thidoumi. 



Coa^KB-aliv Omrtty iffMttaU. 



Iter Ininbdna 1.60 


CMtt<ml>«..gl.0d 


brjbMUt U. 








St«el - 1.03 


StMl - 1.08 


CMTih - 11.3' 




Bnu* - I.IS 




» :l-^ 


sr :IJJ 


asr 'S 



WSIOHT or CAST I&OH BAtLB. 



*"'"'■ 


"r 


"ST 


LM 


Dtort*, 


LtH. 


3 

P 

f 

1 


3.7 
4.7 
6.8 
7.2 
S.6 
10.5 
13.S 
14.7 
17.1 
19.9 
229 
2fl.l 


P 

i 
1 


297 
33.6 
378 
42.3 
47.2 
62.4 
G80 
64.0 
70.4 
77.3 
84.5 
92.2 


9 
10 

iP 


100.3 

108.9 

iiao 

127 6 

137.7 
148.2 
159.4 
171.0 
1832 
209.4 
237.9 



WEIGHT Of CAST IROK PIPBS. 
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Table containing the weight of Cast Iron Pipes, Ifoot in length. 



Diam. 


THICKNESS IN INCHE& 


















of 
bore in 


i 


i 


§ 


i 


1 


lin 


n 


li 


Inches. 


















Lb6. 
6.9 


Lbs. 
9.9 


Lbs. 


LlM. 


Lbs 


Lbs. 


Lbs. 


Lbs. 


H 


• •• • • • 


•••.•• 








r 


8.8 


12.3 


ie.i 


20.3 










l» 


10.6 


14.7 


19.2 


23.9 


«.•••• 








12.4 


17.2 


22.2 


27.6 


33.3 


39.3 


45.6 




3| 


14.2 


19.6 


25.3 


31.3 


37.6 


44.2 


51.1 




4 


16.8 


22.1 


28.4 


35.0 


41.9 


49.1 


56.6 


64.4 


^h 


18.0 


24.5 


31.4 


38.7 


46.2 


54.0 


62.1 


70.6 


5' 


19.8 27.0 


34.5 


42.3 


50.5 


58.9 


67.6 


76.7 


54 


21.61 29.5 


37.6 


46.0 


54.8 


63.8 


73.2 


82.8 


6 


23.5 


31.9 


40.7 


49.7 


59.1 


68.7 


78.7 


88.8 


6| 


25.3 


34.4 


43.7 


53.4 


63.4 


73.4 


84.2 


95.1 


7 


27.2 


36.8 


46.8 


56.8 


67.7 


78.5 


89.7 


101.2 1 


7i 


29.0 


39.1 


49.9 


60.7 


72.0 


83.5 


95.3 


107.4 1 


8 


30.8 


41.7 


52.9 


64.4 


76.2 


88.4 


100.8 


113.5 


H 


32.9 


44.4 


56.2 


68.3 


80.8 


93.5 


106.5 


119.9 


9 


34.5 


46.6 


59.1 


71.8 


84.8 


98.2 


111.8 


125.8 


H 


36.3 


49.1 


62.1 


75.5 


89.1 


103.1 


117.4 


131.9 


10 


38.2 


51.5 


65.2 


79.2 


93.4 


108.0 


122.8 


138.1 


10^ 




54.0 


68.2 


82.8 


97.7 


112.9 


128.4 


144.2 


11 




56.4 


71.3 


86.5 


102.0 


117.8 


133.9 


150.3 


in 




58.9 


74.3 


90.1 


106.3 


122.7 


139.4 


156.4 


12 




61.3 


77.4 


93.6 


110.6 


127.6 


145.0 


162.6 


13 






82.7 


101.2 


118.2 


137.4 


154.1 


173.5 


U 






89.3 


108.2 


126.5 


146.2 


165.3 


185.2 


15 






95.2 


115.7 


135.3 


156.2 


176.2 


198.1 


16 








123.3 


143.1 


166.1 


187.5 


211.3 


17 








130.2 


152.5 


178.5 


198.2 


223.4 


18 






• •«•• 


137.0 


161.2 


185.3 


209.1 


235.6 


19 










169.2 


195.7 


222.3 


247.1 


20 




•••••• 






178.1 


205.2 


233.2 


259.0 


21 












214.1 


243.5 


273.2 


22 




•••••• 








223.0 


254.8 


285.4 


23 












233.4 


265.5 


298.3 


24 












245.2 


277.5 


310.6 



Note. — ^The area of a circle in inches, mnltiplied by the length 
in inches, and 263 » the weight in lbs. avoirdupois of cast iron. 
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SOXrlD CTLUTDBRS OF CAST lEOlT. 



Table eoniainina the weight €f Solid O^Hnden ef Cast Trfin^ «ne 
foot in lengm, and from ^qf an tnoA to 14 inehet diameter. 



IHaaieter 

in 
Inches. 



4a. 



Wdflrht 

in 

Lbt. 



1.39 
1.88 
2.47 
3.13 
3.87 
4.68 
6.67 
6.64 
7.69 
8.71 

9^1 
11.19 
12.64 
13.98 
15.49 
17.08 
18.74 
20.48 

22.35 
24.20 
26.18 
28.23 
30.36 
32.67 
34.86 
87-21 

39.66 
4L80 
44.77 
47.00 
60.1^ 
62.71 
66.92 
68.72 



Bismeter 

in 
Inches. 



10 in. 
10} 

11 in. 
Hi 

12 in. 
13 
14 



Weight 
in 
Lbs. 



61.96 
64.66 
68.31 
71.00 
74.98 
78.66 
81.96 
86.81 

89.23 

96.82 

104.72 

112.93 

121.45 
130.28 
139.42 
148.87 
168.63 
168.16 
179.08 
189.00 



200.77 
211.12 
223J0 
236.31 

247.87 
273.27 

299.92 
327.81 
356.93 
418.90 
466.83 



Kora.— The uea of a circle in inches, mnlliiiUed bj the length in inches, 
and 1)7 .399 — the weight in lbs. »yoir'\upois of CMt iron. 



ECOWDMKUfL A2>T;UITA«ES OF «T!£AM. 



M 



Table -rf eeonomical adaaiUages in utmg Steam ^xptuumely^ hy 

Prqfeaior GvrdoHf Gkugow. 



ml 












fsllli 



'8 




Toft«l 
8-4 

a- 5 

4-7 
6- 9 
10-19 
1-2 
4- 9 
^ 6 
4-11 

1- 3 
4-! 3 

2- 7 
4-15 

1- 4 

2- 9 
1-5 
2-11 
1- 6 
2-13 
1-7 
1- 8 



100 
1.33 
1.66 
1.76 
1.80 
1.90 
2.00 
2.25 
2.50 
2.75 
8.00 
825 
8 50 
8.75 
4.00 

4 50 
5.00 

5 50 
6.00 
6.60 
7.00 
8.00 



Per 

Gent' 



1.0000 
1.2851 

1.5606 

1.5596 

1.5876 

1.6419 

1.6931 

1.8109 

19163 

2.0116 

2.0986 

2.1786 

2.2526 

2.3217 

2.3860 

2 5040 

2.609 

2.706 

2.792 

2.872 

2 946 

3 0794 





• 

50 
52} 



59 
66 



.AtmoB- 
pherss. 



1.000 
1.087 
1.106 
1.121 
1J189 
1.167 
1.195 
1.2SI 
1.304 
1.367 
1.429 
1.491 
1.563 
1.569 
1.677 
L797 
1.873 
2j033 
2.149 
2.'263 
2 376 
2.587 



ij». 



28.000 
23.861 
26.416 
25.783 
26.197 
26.611 
27.486 
28.31S 
29.992 
31.441 
32.867 
34.29S 
35.719 
36.647 
38.671 
4a.331 
43.079 
46.769 
49.427 
52.049 
54.648 
59.7S1 



Atuds- 



1.564 
L622 
i:713 
1.763 
1.781 
IM9 
1.869 
1:926 
2.040 
2.188 
2.236 
2.332 
2.429 
2.486 
2.623 
2.811 
2.929 
3.180 
3.361 
3.589 
3.716 
4062 



238 3 
238.0 
241.8 
242.7 
243.6 
2440 
246.0 
248.0 
25i:>0 
254.5 
257i) 
2519.3 
261.5 
2635 
266.9 
271.0 
273.8 
279.0 
283.0 
285.8 
289.0 
294.7 



Lbi. 



.0556 
.0576 
.0604 
.0617 
.0626 
.0636 
.0656 
.0672 
.0709 
.0740 
.0771 
.0802 
.0832 
.0849 
.0892 
.0951 
.0986 
J 064 
.1118 
.1178 
.1227 
.1331 



Per 
Cent. 



IJToTB.— Mr. M'Naught kas nocrtsiiied, bf the application df his 
indicatoTB, that there is mo eeoBemioal advantage in cutting -odF the 
steam from an engine at more ihan -three-Donrths the stroke, and at 
two-thirds, he asserts, is the most advantageous point. 
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COMPABATIVE BX6EEES OF HEAT. 



Table oontetmn^ Degreea o/Htat by the FahrenheUn JReaumer^and 
Centigrade Thermomelertt eomparaiiveljf indioaied» 



Faht. 


Reau. 


Cent 


Faht. 


Beau. 


Cent 


Faht. 


Beau. 


Cent 


350 


141.3 


176.7 


186 


68.4 


85.5 


108 


33.7 


422 


320 


128.0 


160 


184 


67 5 


84.4 


106 


32.8 


41.1 


300 


119.1 


1489 


182 


66.6 


83.3 


104 


32.0 


40.0 


290 


114.7 


143.3 


180 


65 7 


82.2 


102 


31.1 


38.8 


280 


1102 


137 8 


178 


64.8 


81.1 


100 


30.2 


37.7 


270 


105.8 


1322 


176 


64.0 


800 


98 


29.3 


36.6 


260 


101.3 


126.6 


174 


63.1 


78.8 


96 


28.4 


36.6 


250 


96.9 


121.1 


172 


62.2 


77.7 


94 


27.6 


344 


248 


96.0 


120.0 


170 


61.3 


76.6 


92 


26.6 


33.3 


246 


95.1 


118 8 


168 


60.4 


756 


90 


25.7 


32.2 


244 


94.2 


117 7 


166 


59 5 


744 


88 


24.8 


31.1 


242 


93.3 


116.6 


164 


58.6 


73.3 


86 


24.0 


30.0 


240 


92.4 


116 5 


162 


67.7 


72.2 


84 


23.1 


288 


238 


91.6 


1144 


160 


66.8 


71.1 


82 


22.2 


27.7 


236 


90 7 


113 3 


158 


66.0 


70 


80 


21.3 


26.6 


234 


89 8 


112.2 


156 


65.1 


68 8 


78 


20.4 


26.6 


232 


889 


HI 1 


154 


54.2 


67 7 


76 


19.6 


24.4 


230 


88.0 


1100 


152 


63.3 


666 


74 


18.6 


23.8 


228 


87.1 


108 9 


150 


62.4 


665 


72 


17.7 


222 


226 


86.2 


1078 


148 


61.5 


64 4 


70 


16.8 


21.1 


224 


85.3 


1067 


146 


60 6 


63 3 


68 


16.0 


20.0 


222 


84.4 


105 6 


144 


49.7 


622 


66 


15.1 


18.8 


220 


83.6 


104 4 


142 


48 8 


61.1 


64 


14.2 


17.7 


218 


82.7 


103.3 


140 


48.0 


60 


62 


13.3 


16.6 


216 


818 


102 2 


138 


47.1 


688 


60 


124 


15.6 


214 


80 9 


101.1 


136 


462 


57.7 


68 


11.6 


14.4 


212 


800 


100,0 


134 


45.3 


66.6 


66 


10 6 


13.3 


210 


79.1 


98 8 


132 


444 


65.6 


64 


9.7 


12.2 


208 


78.2 


97.7 


130 


43.5 


54.4 


62 


8.8 


11.1 


206 


77,3 


96 6 


128 


42.6 


53 3 


50 


80 


10.0 


204 


76 4 


95 5 


126 


41.7 


62 2 


48 


7.1 


8.8 


202 


75 5 


94 4 


124 


40 8 


61.1 


46 


6.2 


7.7 


200 


74.6 


93 3 


122 


40 


600 


44 


6.8 


6.6 


198 


73.7 


92.2 


120 


39.1 


48 8 


42 


44 


6.5 


196 


72.8 


91 1 


118 


38.2 


47.7 


40 


3.6 


4.4 


194 


720 


900 


116 


37.3 


46 6 


38 


2.6 


3.3 


192 


71.1 


88.8 


114 


36.4 


45 6 


36 


1.7 


2.2 


190 


70 2 


87 7 


112 


365 


44 4 


34 


08 


1.1 


188 

i 


69.3 


86.6 


110 


34.6 


43.3 


32 


0.0 


0.0 
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Boiling poinia of Water at different heights efthe Barometer, 



Barometer 
Inches. 


BoUlnir Point 
Dfg. of Faht. 


Barometer 

Inches. 


Boiling Point. 
Den. of Faht. 


31 
30) 
30 
29) 

29 


213 57 
212.79 
212 00 
211.20 
210 38 


28) 
28 
27) 
27 


209.66 
208.69 
207.34 
206 96 


In a raouum more or leaa perfeoc 
from 96 to 100. 



Table containing the superjwiee and solid content of Spheres, from 
I to 12, and advancing bp a tenth. 



Diam. 


Superfleies. 


Solidity. 


Diam. 


Superficies. 


■ 

SoUditj. 


1.0 


3.1416 


.5236 


3.5 


38.4846 


22.4493 


.1 


3.8013 


.6969 


.6 


40.7151 


24.4290 


.2 


45239 


.9047 


.7 


43.0085 


26.5219 


.3 


5.8093 


1.1503 


.8 


45.3647 


28.7309 


.4 


6.1575 


1.4367 


.9 


47.7837 


31.0594 


.5 
.6 
.7 
.8 
.9 


7.0686 

8.0424 

9.0792 

10.1787 

11.3411 


17671 
21446 
2.5724 
3.0536 
3.5913 


4.0 
.1 
.2 
.3 
.4 


50 2656 
52 8102 
55.4178 
58.0881 
60.8213 


33.5104 
36.0870 
38.7924 
41.6298 
44.6023 


2.0 


12 5664 


4.1888 


.5 


63 6174 


47.7130 


.1 


138544 


4.8490 


.6 


66.4782 


50.9651 


.2 


16.2053 


5.5762 


.7 


69.3979 


54.3617 


.3 


16.6190 


6.3706 


.8 


72.3824 


57.9069 


.4 


18 0956 


7.2382 


.9 


75.4298 


61.6010 


.6 
.0 
.7 
.8 
.9 


19-6350 
21.237-2 
22.9022 
24.6300 
26.4208 


8.1812 

9.2027 

10 3060 

1 1 .4940 

12 7700 


6.0 
.1 
.2 
.3 

.4 


78:5400 
81.7130 
84.9488 
88.2475 
91.6090 


65.4500 
69.4560 
73.6223 
77.9519 
82.4481 


3.0 


28.2744 


14.1372 


.5 


96.0334 


87.1139 


.1 


30.1907 


15.5985 


•6 


985205 


91.9525 


.2 


32.1699 


17.1573 


.7 


102.0705 


96.9670 


.3 


34.2120 


18.8166 


.8 


105 6834 


102.1606 


.4 


36.3168 


20.5795 

• 


.9 


109.3590 


107.5364 



8» 
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Diun. 


Bupezfloi6B. 


SoUditj. 


BUun. 


Superfldes. 


BolifUfy. 


6.0 


113.0976 


113.0976^ 


90 


254.4696 


881.7044 


.1 


116.8989 


118.8472 


.1 


260.1558 


394.5697 


.2 


120.7631 


124.7886 


.2 


266.9130 


407.7210 


.3 


124.6901 


130.9246 


.3 


271.7169 


421.1613 


.4 


128.6799 


137.2685 


.4 


277.6917 


434.8937 


.5 


132.7326 


143.7936 


.6 


283.5294 


448.9216 


.6 


136.8480 


150.5329 


.6 


289.5298 


4632477 


.7 


141.0264 


157.4796 


.7 


295.6931 


477.7756 


.8 


145.2676 


164.6365 


.8 


301.7192 


492.8081 


.9 


149.5715 


172.0073 


.9 


307.9082 


. 608.0485 


7.0 


153.9384 


179.6948 


10.0 


314 1600 


623 6000 


.1 


158.3680 


187.4021 


.1 


320.4746 


539.4656 


.2 


162.8605 


195.4326 


.2 


326.8520 


655.6486 


.3 


167.4158 


203.6893 


.3 


333.2923 


572.1518 


.4 


172.0340 


212.1762 


.4 


339.7954 


588 9784 


.5 


176.7160 


220.8937 


.6 


346.3614 


606.1324 


.6 


181.4688 


229.8478 


.6 


352 9901 


623.6159 


.7 


186.2664 


239.0611 


.7 


369.6817 


641.4325 


.8 


191.1349 


248.4754 


S 


36^.4362 


659 5862 


.9 


196.0672 


258.1552 


.9 


373.2534 


678.0771 


8.0 


201.0624 


268.0832 


11.0 


380.1336 


696.9116 


.1 


206.1203 


278i2626 


.1 


387.0766 


716.0916 


.2 


211.2411 


288.6962 


.2 


394.0823 


736.6200 


.3 


216.4248 


299.3876 


.3 


401.1609 


755 6008 


.4 


221.6712 


310.3398 


.4 


408.2823 


776.7364 


.5 


226.9806 


321.6568 


.6 


416 4766 


7^6.3301 


.6 


232.3627 


333;0389 


.6 


422 7336 


817.2861 


.7 


287.7877 


344.7921 


.7 


430 0636 


838.6045 


.8 


243.2856 


356.8187 


.8 


437 4363 


860 2915 


.9 


248.8461 


369.1217 


.9 


444 8819 


882.3492 








|2,0 


452.3904 


904.7808 



A TABLE 

CONTAINIKO THE 

CIRCUMFERENCES, SQUARES, CUBES, 

AND 

AREAS OF CIRCLES, 

From ^th io 100 inches, advancing by a ^^th, and alto the tide 
of equal tqtiare, advancing at an eqttal ratio. 



TEMPLETON S 



Dia.or 










Side of 


Root. 


Circum. 


Bquara 


Cube. 


Area. 


^eqoare. 


Me 


.1963 


.0039 


.00024 


.0030 


.0554 


% 


.3927 


.0156 


.00195 


.0122 


.1107 


M« 


.5890 


.0351 


.00659 


.0276 


.1661 


% 


.7854 


.06-25 


.01562 


.0490 


.2115 


!^ 


.9817 


.0976 


.03051 


.0767 


.2669 


% 


1.1781 


.1406 


.05273 


.1104 


.3223 


%6 


1.3744 


.1914 


.08374 


.1503 


.3771 


% 


1.5708 


.25 


.125 


.1963 


.4331 


%i 


1.7671 


.3164 


.17797 


.2485 


.4995 


% 


1.9635 


.3906 


.24414 


.3068 


.5438 


% 


2.1598 


.4726 


.32495 


.3712 


.6093 


% 


2.3562 


.56-25 


.4-2187 


.4417 


.6646 


"/46 


2.5525 


.6601 


.53637 


.5185 


.7200 


% 


2.7489 


.7656 


.66992 


.6013 


.7754 


% 


2.9452 


.8789 


.81397 


.6903 


.8308 


1 tn. 


3.1416 


1 


1 


.7854 


.8862 


Me 


3.3379 


1.1289 


1.19946 


.8861 


.9416 


^ 


3.5343 


1.2656 


1.42381 


.9940 


.9969 


Me 


3.7306 


1.4101 


1.67456 


1.1075 


1.0524 


34 


3.9270 


1.56-25 


1.95312 


1.2-271 


1.0775 


Me 


4.1233 


1.72-26 


2.26098 


1.35-29 


1.1631 


% 


4.3197 


1.8906 


2.59960 


1.4848 


1.2185 


Me 


4.5160 


2.0664 


2.97045 


1.6229 


1.2740 


^ 


4.7124 


2.25 


3.375 


1.7671 


1.3293 


Me 


4.9087 


2.4414 


3.81469 


1.9175 


1.3846 


*/6 


5.1051 


2.6406 


4.29101 


2.0739 


1.4401 


"/ie 


5.3014 


2.8476 


4.80541 


2.2365 


1.4954 


?4 


5.4978 


3.06-25 


5.35937 


2.4052 


1.5508 


^Me 


5.6941 


3.2851 


5.95434 


2.5801 


1.6062 


% 


5.8905 


3.5156 


6.59179 


2.7611 


1.6616 


^Me 


6.0868 


3.7539 


7.27319 


2.9483 


1.7170 


2 in. 


6.2832 


4 


8 


3.1416 


1.7724 


Me 


6.4795 


4.2539 


8.7736 


3.3411 


1.8-278 


% 


6.6759 


4.5156 


9.5957 


3.5465 


1.8831 


Me 


6.8722 


4.7851 


10.4675 


3.7582 


1.9385 


34 


7.0686 


5.06-25 


11.3906 


3.9760 


1.9939 


Me 


7.2649 


5.3476 


12.3663 


. 4.2001 


2.0493 


% 


7.4613 


5.6406 


13.3964 


4.4302 


2.1047 


Me 


7.6576 


5.9414 


14.48-22 


4.6664 


2.1601 


Va 


7.8540 


6.25 


15.6-25 


4.9087 


2.2155 


Me 


8.0503 


6.5664 


16.8265 


5.1573 


2.2709 


% 


8.2467 


6.8906 


18.0878 


5.4119 


2.3262 


% 


8.4430 


7.2226 


19.4108 


5.6727 


2.3816 


% 


8.6394 


7.56-25 


20.7968 


5.9395 


2.4370 


"/ie 


8.8357 


7.9101 


22.2472 


6.2126 


2.4924 


^S 


9.0321 


8.2656 


23.7636 


6.4918 


2.5478 


ma 


9.2284 


8.J289 


25.3474 


6.7772 


2.6032 



MATHEMATICAL TABLES. 



DHuor 
Root. 


Circom. 


Sqnan. 


Cabe. 


Ana. 


Side of 
= aqiiaxe. 


Stfi. 


9.4248 


9 


27 


7.0686 


2.6586 


^ 


9.6211 


9.3789 


28.7228 


7.3662 


2.7140 


% 


9.8175 


9.7656 


30.5175 


7.6699 


2.7694 


Ms 


10.0138 


10.1601 


32.3853 


7.9798 


2.8247 


^ 


10.2102 


10.5625 


34.3281 


8.2957 


2.8801 


M« 


10.4065 


10.9726 


36.3467 


8.6179 


2.9355 


% 


10.6029 


11.3906 


38.4433 


8.9462 


2.9909 


^ 


10.7992 


11.8164 


40.6178 


9.2806 


3.0463 


H 


10.9956 


12.25 


42.875 


9.6211 


3.1017 


Me 


11.1919 


12.6914 


45.2031 


9.9678 


3.1570 


«/6 


11.3883 


13.1406 


47.6347 


10.3206 


3.2124 


% 


11.5846 


13.5976 


49.9461 


10.6796 


3.2678 


% 


11.7810 


14.0625 


52.7343 


11.0446 


3.3232 


% 


11.9773 


14.5351 


55.3930 


11.4159 


3.3786 


T'b 


12.1737 


15.1056 


58.1855 


11.7932 


3.4340 


% 


12.3700 


15.5039 


61.0256 


12.1768 


3.4894 


4in» 


12.5664 


16 


64. 


12.5664 


3.5448 


Mb 


12.7627 


16.5039 


67.0471 


12.9622 


3.6002 


J6 


12.9591 


17.0156 


70.1894 


13.3640 


3.6555 


Ms 


13.1554 


17.5351 


73.4282 


13.7721 


3.7110 


)i 


J 3.3518 


18.0625 


76.7656 


14.1862 


S.7663 


Ms 


13.5481 


18.5976 


80.2021 


14.6066 


3.8217 


% 


13.7445 


19.1406 


83.7402 


15.0331 


3.8771 


Ms 


13.9408 


19.6914 


87.3804 


15.4657 


3.9325 


% 


14.1372 


20.25 


91.125 


16.9043 


3.9880 


Ms 


14.3335 


20.8164 


94.9748 


16.3492 


4.0433 


% 


14.5299 


21.3906 


98.9316 


16.8001 


4.0987 


% 


14.7262 


21.9726 


101.8965 


17.2573 


4.1541 


% 


14.9226 


22.5625 


107.1718 


17.7205 


4.2095 


% 


J5.1189 


23.1601 


111.4679 


18.1900 


4.2648 


T's 


15.3153 


23.7656 


115.8574 


18.6655 


4.3202 


% 


15.5716 


24.3789 


120.2708 


19.1472 


4.3756 


5 tn. 


15.7080 


25 


125 


19.6350 


4.4310 


Ms 


15.9043 


25.6289 


129.7463 


20.1290 


4.48fU 


^ 


16.1007 


26.2656 


134.6113 


20.6290 


4.5417 


Ms 


16.2970 


26.9101 


138.5961 


21.1252 


4.5971 


54 


16.4934 


27.6625 


144.7031 


21.6475 


4.6525 


Ms 


16.6897 


28.2226 


149.9306 


22.1661 


4.7079 


% 


16.8861 


28.8906 


155.2871 


22.6907 


4.7633 


Ms 


17.0824 


29.5664 


160.7673 


23.2215 


4.8187 


Vs 


17.2788 


80.25 


166.375 


23.7683 


4.8741 


Ms 


17.4751 


30.9414 


172.1115 


24.3014 


4.9294 


% 


17.6715 


31.6406 


177.9785 


24.8505 


4.9848 


% 


17.8678 


32.3476 


183.9669 


25.4058 


6.0402 


% 


18.0642 


33.0625 


190.1093 


25.9672 


5.0966 


% 


18.2605 


33.7851 


196.3759 


26.6348 


5.1510 


ys 


18.4569 


34.5156 


202.7792 


27.1085 


6.2064 


^Aa 


18.6532 


35.2539 


209.3130 


27.6884 


6.2618 
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TEMPI.BT0N8 



Dia.or 










Bide of 


Root. 


Obonm. 


Bqnair. 


Cabe. 


Aim. 


ssaqoBie. 


6 m. 


18.8496 


36 


216 


28.2744 


6.3172 


He 


19.0459 


86.7539 


222.8206 


28.8665 


5.3726 


% 


19.2428 


37.5156 


229.7832 


29.4647 


5.4280 


•Ab 


19.4386 


38.2851 


236.8890 


30.0798 


5.4834 


% 


19.6350 


39.0625 


244.1406 


30.6796 


5.5388 


'As 


19.8313 


39.8476 


249.2654 


31.2964 


5.5942 


% 


20.0277 


40.6406 


259.0839 


31.9192 


5.6495 


Vis 


20.2240 


41.4414 


256.7605 


32.5481 


5.7049 


\i 


20.4204 


42.25 


274.625 


33.1831 


5.7603 


%> 


20.6167 


43.0664 


282.6232 


33.8244 


5.8157 


% 


20.8131 


43.8906 


290.7753 


34.4717 


6.8711 


% 


21.0094 


44.7226 


299.0823 


35.1262 


5.9265 


% 


21.2058 


45.5626 


307.5468 


35.7847 


5.9819 


»Ab 


21.4021 


46.4101 


316.1688 


36.4605 


6.0373 


Vb 


21.5985 


47.2656 


324.9511 


37.1224 


6.0927 


% 


21.7948 


48.1289 


333.8943 


37.8005 


6.1480 


7 in. 


21.9912 


49 


343 


38.4846 


6.2034 


H6 


22.1875 


49.8789 


349.5702 


39.1749 


6.2688 


% 


22.3839 


50.7656 


361.7040 


39.8713 


6.3142 


Ms 


22.5802 


51.6601 


371.3070 


40.5469 


6.3 96 


34 


22.7766 


52.5625 


381.0781 


41.2825 


6.4360 


Ms 


22.9729 


63.4726 


391.0184 


41.9974 


6.4904 


^ 


23.1693 


64.3906 


401.1308 


42.7184 


6.5358 


^ 


23.3656 


55.3164 


411.4158 


43.4455 


6.6912 


)6 


23.6620 


66.26 


421.875 


44.1787 


6.6465 


Me 


23.7583 


57.1914 


432.5100 


44.9181 


6.7020 


% 


23.9547 


58.1406 


443.3222 


45.6636 


6.7573 


^\i8 


24.1510 


59.0976 


454.3129 


46.4153 


6.8127 


% 


24.3474 


60.0625 


465.4843 


47.1730 


6.8681 


"^ 


24.5437 


61.0351 


476.8368 


47.9370 


6.9236 


% 


24.7401 


62.0156 


488.3730 


48.7070 


6,9789 


^4b 


24.9364 


63.0039 


500.0935 


49.4833 


7.0343 


Bin, 


25.1328 


64 


512 


50.2656 


7.0897 


Me 


25.3291 


65.0039 


524.1939 


51.0641 


7.1451 


^ 


25.5256 


66.0156 


536.3769 


51.8486 


7.2005 


Mft 


25.7218 


67.0361 


548.8499 


62.8994 


7.2559 


34 - 


25.9182 


68.0625 


561.5156 


63.4562 


7.3112 


Ms 


26.1145 


69.0976 


674.3739 


64.2748 


7.3666 


9^ 


26.3109 


70.1406 


687.4277 


56.0885 


7.4220 


Ms 


26.5072 


71.1914 


600.6775 


65.9138 


7.4774 


% 


26.7036 


72.25 


614.125 


66.7451 


7.5328 


Ms 


26.8999 


73.3164 


627.7717 


57.5887 


7.5882 


^ 


27.0963 


74.3906 


641.6191 


58.4264 


7.6436 


>V<s 


27.2926 


75.4726 


655.6683 


59.7762 


7.6990 


% 


27.4890 


76.5625 


669.9218 


60.1321 


7.7544 


"y& 


27.6853 


77.6601 


684.3797 


60.9943 


7.8098 


T'b 


27.8817 


78.7666 


699.0449 


61.8625 


7.8661 


% 


28.0780 


79.8789 


713.9177 


62.7369 


7.9205 



MATHEMATICAL TABLES. 



9 



I>ia.or 










B^deof 


Root. 


dromn. 


Bqaue. 


Cabe. 


Area. 


^square, 


Bin, 


28.2744 


81 


729 


63.6174 


7.9760 


Ms 


28.4707 


82.1289 


744.2932 


64.6041 


8.0312 


% 


28.6671 


83.2666 


759.7988 


65.3968 


8.0866 


*Ab 


28.8634 


84.4101 


775.5378 


66.2957 


8.1420 


34 


29.0598 


85.5626 


791.4531 


67.2007 


8.1974 


%j 


29.2661 


86.7226 


807.8043 


68.1120 


8.2527 


% 


29.4525 


87.8906 


823.9746 


69.0293 


8.3081 


Vis 


29.6483 


89.0664 


840.5642 


69.9528 


8.3635 


V& 


29.8452 


90.25 


857.375 


70.8823 


8.4190 


%i 


30.0415 


91.4414 


874.3084 


71.8181 


8.4743 


% 


30.2379 


92.6406 


891.6660 


72.7599 


8.5297 


% 


30.4342 


93.8476 


909.1487 


73.7079 
74.6620 


8.5851 


% 


30.6306 


95.0625 


926.8593 


8.6405 


% 


30.8269 


96.2851 


944.7976 


75.6223 


8.6959 


% 


31.0233 


97.5156 


962.9667 


76.5887 


8.7513 


% 


31.2196 


98.7639 


981.3669 


77.5613 


8.8066 


10 in. 


31.4160 


100 


1000 


78.5400 


8.8620 


M« 


31.6123 


101.2639 


1018.860 


79.6248 


8.9174 


^ 


31.8087 


102.5156 


1037.970 


80.5157 


8.9728 


*^ 


32.0050 


103.7851 


1057.310 


81.5128 


9.0282 


H 


32.2014 


105.0626 


1076.890 


82.5160 


9.0836 


Ms 


32.3977 


106.3476 


1096.709 


83.5254 


9.1390 


% 


32.5941 


107.6406 


1116.771 


84.5409 


9.1943 


'/^ 


32.7904 


108.9414 


1137.075 


85.5626 


9.2497 


% 


32.9868 


110.25 


1157.625 


86.5903 


9.3051 


Me 


33.1831 


111.5664 


1178.420 


87.6243 


9.8605 


% 


33.3795 


112.8906 


1199.462 


88.6643 


9.4159 


% 


33.5758 


114.2226 


1220.765 


89.7105 


9.4713 


% 


■ 33.7722 


115.6625 


1242.296 


90.7627 


9.5267 


% 


33.9685 


116.0101 


1264.090 


91.8212 


9.5821 


^8 


34.1649 


118.2656 


1286.138 


92.8858 


9.6375 


% 


34.3612 


119.6289 


1308.430 


93,9566 


9.6929 


11 in. 


34.6576 


121 


1331 


95.0334 


9.7482 


He 


34.7539 


122.3789 


1353.816 


96.1164 


9.8036 


% 


34.9503 


123.7656 


1376.892 


97.2053 


9.8590 


Me 


35.1466 


125.1601 


1400.228 


,98.3008 
J99.4021 
iOO.5097 
{01.6234 
{02.7432 
{03.8691 
1 05.001 2 


9.9144 


)i 


35.3430 


126.5625 


1423.828 


9.9698 


Me 


35.5393 


127.9726 


1447.690 


10.0252 


% 


35.7357 


129.a006 


1471.818 


10.0806 


Me 


35.9320 


130.8164 


1496.412 


10.1360 


h^ 


36.1284 


132.25 


1620.875 


10.1914 


Me 


36.3247 


133.6914 


1535.796 


10.2467 


*>6 


36.5211 


135.1406 


1571.009 


106.1394 


10.3021 


% 


36.7174 


136.6976 


1596.534 


107.2838 


10.3576 


% 


36.9138 


138.0625 


1622.234 


108.4342 


10.4130 


% 


37.1101 


139.5351 


1648.358 


109.5909 


10.4683 


fs 


37.3065 


141.0156 


1674.560 


110.7536 


10.5237 


% 


37.6028 


142.5039 


1701.140 


111.9226 


10.6791 



b2 



TEUPI.STOH a 



12 in. 


37.6993 


114 


1728 


118.0976 


10.6315 


Ht 


37.8956 


115.6039 


765.160 


114.2788 


10.6899 


% 


38.0919 


147.0156 


782.664 


116.1660 


30.7153 


a, 


38.28B2 


148.5351 


810.271 


116.6645 


10.8007 


a 


38.4S46 


150.0695 


838.265 


117.8590 


10.8560 


•Aa 


38.6809 


51.5976 


666.639 


19.0618 


10.9111 


a 


38.8773 


63.1106 


895.115 


120.2/66 


10.9668 


%, 


39.0736 


51.6911 


921974 


21.1946 


11.0232 


a 


39.3700 


56.25 


953.126 


22,7187 


11.0776 


M< 


39.t6S3 


57.8161 


9K.568 


23.9190 


J 1.1339 


% 


39.6627 


59.3906 


2012.306 


25.1854 


11.1881 


'M. 


39,8*90 


60.9726 


2042.339 


26.1479 


11.2437 


« 


10.0551 


62.6626 


2072.671 


27.6765 


11.2991 


"A> 


40.3517 


161.1601 


103.301 


28.8999 


11.3644 


y. 


40.4481 


1G5.7656 


134,232 


30.1923 


11.1099 


■iii 


40.6441 


167.8789 


3166.511 


131.1279 


11.1652 


13 in. 


40.8108 


69 


2197 


132.7326 


11.5208 


Hi 


41.0371 


70.6289 


23-28.840 


134.0120 


11.5760 


a 


4 .2338 


72.2656 


2360.986 


135.2971 


U.6311 


Ml 


4 .4398 


73.9101 


2293.139 


136.5890 


11.6868 


u 


4 .6263 


175.66-26 


2326.203 


137.8867 


11.7492 


«e 




177.3226 


2359.275 


139.1907 


11.7976 


36 


42!oe9 


78.8906 


239-2.661 


110.5007 


11.8530 


% 


4 .2 53 


80.5661 


2126.361 


141.8160 


11.9083 


*Si 


4 .1 16 


82.25 


3160.375 


113.1391 


11.9637 


M. 


42.6 79 


83.9111 


2194.705 


114.472S 


12.0191 


« 


4-2.8043 


85.6106 


2629.353 


115.6021 


13.0745 


'Vi 


43.0006 


87.3176 


2664.321 


147.1128 


12.1299 


M 


43.1970 


89.0626 




148.4896 


12.1853 


■%. 


13.3933 


90.7851 


263l!819 


149.8426 


12.8107 


a 


13.S897 


92.5156 


2671.154 


151.9017 


12.2961 


"A 


13.7860 


91.2539 


2707.413 


152.6670 


I2,3ei& 


Uin. 


43.9821 


96 


2741 


153 9381 


13.4068 


41.1787 


97.7639 


2780.911 


155.3169 


12.4622 




44.3751 


99.6156 


2818,157 


156.6995 


12.5176 


41.5711 


201.2861 


2855.732 


158.0893 


12.5730 


li 


11.7676 


203.0625 


2893-640 


159.4852 


13.6281 


'At 


11.S641 


201,8176 


2931.781 


160.0371 


12.6838 


% 


45.1605 


206,6106 


2970.168 


162.3956 


12.7393 


''At 


45,3568 


208.4414 


3009.372 


163.7099 


12.7916 




16,5532 


10.26 


3048.625 


165.1303 


1-2.8500 


45.7495 


12.0661 


3088217 ■ 


166.6569 


1Z9053 


w 


16.9169 


13.8906 


3138.160 


167.9896 


12.9607 


.M. 


16.1122 


216.7236 


3168.425 


169.4285 


13.0161 




16.33B6 


217.6636 


3309.046 


170.8735 


13.0715 


'Mo 


16.5319 


219.1101 


3250.012 


172.3-217 


13.1270 




16,731.S 


221.2656 


3291.325 


173.7820 


13.1823 


46.9276 


223.1389 


3332.988 


175.2156 


13.2377 
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Dia.OT 
RMt. 



15 m. 
Mb 
% 
Ms 

% 

% 

% 

16 in. 

Ms 

Ms 

9^ 

Ms 

Va 
Ms 

% 

% 

17 m. 
Ms 
% 
Ms 



Ms 
% 
Ms 

% 



ift 



Ms 



Ciicom. 



47.1240 
47.3203 
47.5167 
47.7J30 
47.9094 
48.1057 
48.3021 
48.4984 
48.6948 
48.8911 
49.0875 
49.2838 
49.4802 
49.6765 
49.8729 
50.0692 

50.2656 
50.4619 
50.6583 
50.8546 
51.0510 
51.2473 
51.4437 
51.6400 
51.8364 
52.0327 
52.2291 
52.4254 
52.6218 
52.8181 
53.0145 
53.2108 

53.4072 
53.6035 
53.7999 
53.9962 
54.1926 
54.3889 
54.5853 
54.7816 
54.9780 
55.1743 
55.3707 
55.5670 
55.7634 
55.9597 
56.1561 
56.3524 



Sqnaze. 



225 

226.8789 

228.7656 

230.6601 

232.5625 

234.4726 

236.3906 

238.3164 

240.25 

242.1914 

244.1406 

246.0976 

248.0625 

250.0351 

252.0156 

254.0039 

256 

258.0039 

260.0156 

262.0351 

264.0625 

266.0976 

268.1406 

270.1914 

272.25 

274.3164 

276.3906 

278.4726 

280.5625 

282.6601 

284.7656 

286.8789 

289 

291.1289 

293.2656 

295.4101 

297.5625 

299.7226 

301.8906 

304.0664 

306.25 

308.4414 

310.6406 

312.8476 

315.0625 

317.2851 

319.5156 

321.7539 



Cabe. 



3375 

3414.781 

3460.079 

350ai50 

3546.578 

3590.361 

3633.505 

3679.009 

3723.875 

3769.103 

3814.696 

3860.856 

3906.984 

3953.680 

4000.747 

4048,187 

4096 

4144.187 

4192.751 

4241.693 

4291.015 

4360.717 

4390.802 

4441.271 

4492.125 

4544.366 

4594.993 

4657.011 

4699.421 

4752.223 

4805.419 

4859.011 

4913 

4967.286 

5022.173 

5077.361 

5132.953 

5188.947 

5245^9 

5302.157 

5359.375 

5419.002 

5475.040 

5533.493 

5592.359 

5651.640 

5711.341 

5771.460 



176.7150 
178.1907 
179.6725 
181.1105 
182.6545 
184.1548 
185.6612 
187.1737 
188.6923 
190.2171 
191.7480 
193.3351 
194.8282 
196.3776 
197.9330 
199.4947 

201.0624 
202.6363 
204.2162 
205.8024 
207.3946 
208.9931 
210.5976 
212.2083 
213.8251 
215.4481 
217.0772 
218.7124 
220.3537 
222.0013 
223.6549 
225.3147 

226.9806 
228.6527 
230.3308 
232.0151 
23.«J.7055 
235.4022 
237.1049 
238.8138 
240.5287 
242.2499 
243.9771 
245.7105 
247.4500 
249.1952 
250.9475 
252.7050 



Side of 
— aquaie. 

13.2930 
[3.3484 
13.4038 
13.4592 
13.5146 
[3.5700 
[3.6254 
[3.6608 
13.7361 
[3.7915 
[a8470 
13.9023 
[3.9577 
[4.0131 
14.0685 
[4.1240 

[4.1792 
14.2346 
14.2900 
[4.3454 
[4.4008 
14.4561 
L4.5115 
14.5670 
[4.6223 
14.6777 
[4.7321 
[4.7885 
[4.8439 
[4.8993 
14.9547 
[5.0101 

15.0654 
[5.1208 
[5.1762 
15.2316 
[5.2869 
15.3424 
[5.3977 
[5.4531 
15.5085 
[5.5639 
[5.6193 
[5.6747 
[5.7301 
[5.7855 
[5.8408 
15.8962 



TEKPLETOKS 



Di>.D[ 










BUS of 




Boot' 


Clioom. 


Bqmra. 


CdIm. 


Aim. 


-•qnue. 




18 in 


56.5488 


324 


5333 


254.4696 


16.9616 




Kt 


66.74fil 


326.2639 


6892.961 


256.2398 


16.0070 




» 


56.9415 


328.6156 


5954.345 


258.0161 


16.0624 




Ht 


67.1378 


330.7851 


6016.1.H 


259.7986 


16.1178 




M 


67.3342 


333.0625 


6076.390 


261.6872 


16.1732 




»• 


67.5306 


336.3476 


6141.053 


263.3820 


16.2285 




K 


67.7269 


337.6406 


6204.146 


265.1829 


16.2839 




Vit 


67.93S3 


339.9414 


6267.669 


266.9900 


16.3393 




% 


58.1196 


842.26 


6331.625 


268.8031 


165947 




Ms 


68.2169 


344.6664 


6396.010 


270.6225 


16.4601 




« 


58.5123 


346.8906 


6460.837 


272.4479 


16.5055 




'H. 


58.7806 


349.2226 


6666.497 


274.2895 


16.6609 




% 


68.9066 


361.6626 


6691.796 


276.1171 


16.6163 




'Vit 


59.1013 


353.9101 


6S68.933 


277.9610 


16.6717 




K 


59.2977 


S66.2656 


6724.513 


279.8110 


16.7270 




■Ml 


69.4940 


358.6289 


6791.534 


281.1672 


16.7824 




19 in. 


69.6904 


361 


6869 


283.6294 


If --78 




^ 


69.8867 


363.3789 


6926.910 


286.8978 


If J3 




K 


60.0631 


366.7656 


6996.267 


287.2723 


U X 




Ma 


60.2794 


368.1601 


7066.672 


289.4030 


i; io 




a 


60.4768 


370.6626 


7132.328 


291.0397 


i; w 




iii 


60.6721 


372.9726 


7203.033 


292.9324 


i; 17 




% 


e0.868S 


375.3906 


7273.192 


294.8313 


i; 01 






61.0648 


377.8164 


7343.786 


296.7367 


V. 65 






61.2612 


380.26 


7414.875 


2S8.6483 


i; Ml 






61.4575 


382.6914 


7486.410 


300.6668 


1V.M63 




K 


61.6639 


385.1406 


7558.384 


302.4894 


1 .3917 




'Mt 


61.8602 


387.6976 


7630.827 


304.4192 


1 .4471 




«■ 


62.0466 


390.0625 


7703.734 


306.36.W 


: .6025 




"^ 


62.2439 


392.6351 


7777.111 


308.2971 


17.6579 




» 


62.4393 


395.0156 


7850.935 


310.2453 


1 .6132 




"ii. 


62.6366 


397.5039 


7925.234 


312.1996 






20 in. 


62.8320 


400 


8000 


314.1600 


17.7240 




M> 


6.1.0283 


402.6039 


8076.234 


316.1366 


7.7794 




^ 


63.2247 


405.0166 


8160.939 


3ia0992 


7.8348 




Ms 


63.4 10 


407.6361 


82';7.U4 


320.0781 


7.B902 




J4 


63.6 74 


4 0.0625 


8303.766 


322.0630 


7.9456 




'At 


63.8 37 


4 2.5976 


8380.888 


324.0542 






% 


64.0 01 


4 6.1tf6 


8468.89 


326.0614 






■'M 


64.2064 


4 7.6914 


8636.667 


328.0646 






a 


64.4028 


420.26 


8615. 26 


33O.064S 






•A. 


64.6991 


422.8164 


8694.62 


332.0BOO 






^ 


64.7966 


425.3906 


8773.681 


334.1018 






■H. 


64.9918 


427.9726 


8853.683 


336.1297 






« 


65.1882 


430.6625 


8934.171 


338.1637 






'Ms 


6S.3R46 


433.1601 


9015.144 


340.2040 


8.4441 




!b 


65.6809 


436.7666 


9096.607 


343.2503 


8.4995 




■M. 


65.7772 


438.3789 


9178.558 


344.3028 


8.5619 
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Dia.or 










Side of 


Root. 


Ciroam. 


Square. 


Cube. 


Area. 


» square. 


21 1». 


65.7936 


441 


9261 


346.3614 


18.6102 


Ms 


66.1699 


443.6289 


9343.933 


348.4267 


18.6656 


% 


66.3663 


446.2656 


9427.360 


350.4970 


18.7210 


Ms 


66.5626 


449.9101 


9511.282 


352.5740 


18.7764 


3^ 


66.7590 


451.5625 


9595.703 


354.6571 


18.8318 


Ms 


66.9553 


454.2226 


9680.617 


356.7465 


18.8872 


% 


67.1517 


456.8906 


9766.036 


358.8119 


18.9426 


Ms 


67.3480 


459.5664 


9853.954 


360.9435 


18.9979 


% 


67.5444 


462.25 


9938.375 


363.0511 


19.0633 


Ms 


67.7407 


464.9414 


10025.29 


365.1650 


19.1087 


% 


67.9371 


467.6406 


10112.72 


367.2849 


19.1641 


% 


68.1334 


470.3476 


10200.66 


369.4110 


19.2196 


% 


68.3298 


473.0625 


10289.11 


371.6432 


19.2749 


% 


68.5261 


475.7851 


10378.06 


373.6816 


19.3303 


% 


68.7225 


478.5156 


10467.52 


376.8261 


19.3867 


% 


68.9188 


481.2509 


10557.54 


377.9768 


19.4410 


22 m. 


69.1152 


484 


10648 


380.1336 


19.4964 


Mo 


69.3115 


486.7539 


10739.00 


382.2965 


19.6518 


^ 


69.5079 


489.5156 


10830.53 


384.4655 


19.6072 


Ms 


69.7042 


492.2851 


10922.57 


386.6907 


19.6626 


% 


69.9006 


495.0625 


11015.14 


388.8220 


19.7180 


'As 


70.0969 


497.8476 


11108.22 


391.0095 


19.7734 


% 


70.2933 


500.6406 


11201.83 


393.2031 


1.Q.8287 


^yis 


70.4806 


503.4414 


11295.96 


395.4029 


19.8841 


y» 


70.6860 


506.25 


11390.62 


397.6087 


19.9396 


Ms 


70.8823 


509.0664 


11485.81 


399.8207 


19.9949 


% 


71.0787 


511.8906 


11581.52 


402.0388 


20.0603 


% 


71.2750 


514.7226 


11677.76 


404.2631 


20.1057 


%' 


71.4714 


517.5625 


11774.54 


4(J6.4.<i35 


20.1611 


% 


71.6677 


520.4101 


11871.85 


408.7301 


20.2165 


% 


71.8641 


523.2656 


11969.70 


410.9728 


20.2719 


% 


72.0604 


626.1289 


12068.08 


413.2317 


20.3272 


23 tn. 
Ms 

Ms 


72.2568 


529 


12167 


416.4766 


20.3826 


72.4531 


531.8789 


12266.45 


417.7377 


20 4380 


72.6495 


534.7656 


12366.45 


420.0049 


20.4934 


72.8458 


537.6601 


12466.99 


422.2783 


20.5490 


J4 
Ms 


73.0422 


540.5625 


12568.07 


424.5577 


20.6042 


73.2385 


543.4726 


12669.70 


426.3434 


20.6696 


% 
Ms 

1 y 


73.4349 


546.3906 


12771.88 


429.1352 


20.7160 


73.6312 


549.3164 


12874 60 


431.4331 


20.7703 


Ms 


73.8276 


552.25 


12977.87 


43.3.7371 


20.8267 


74.0239 


555.1914 


13081.69 


436.0473 


20.8811 


Ay 


74.2203 


558.1406 


13185.98 


438.3636 


20 9365 


74.4166 


561.0976 


13290.99 


440.6811 


20.9919 


9/ 


74.6130 


564.(626 


13396.48 


443.0146 


21 .0473 


74.8093 


567.0.351 


13502.52 


445 3539 


21.1027 




75.0057 


570.0156 


13609.12 


447.6992 


21.1681 


75.2020 


673.0039 


13716.28 


460.0418 


21.2134 



TXMPLXTOH B 



Dk.or 










JUtet 


Bool; 


ClRxm. 


Bv^m. 


Cnlfc 


Am. 




Sitn. 


75.S984 


676 


13824 


453.3904 


31.2688 


a* 


7i.69i7 


679.0039 


13932.281 


464.7197 


31.3342 


a 


75.7S11 


£82.0156 


14041.136 


457.1160 


31.3786 


*& 


7i.il«;4 


58S.0S51 


14150.636 


459.4866 


21.4360 


a 




688.0626 


U260.615 


161.8642 


21.4904 






591.0976 


14371.960 


464.2481 


31.6658 






694.1406 


14482.177 


466.6380 


21.6013 






597.19U 


14693.864 


469.0341 


31.6566 


% 




600.26 


14706.125 


471.4363 


21.7HS 


Ht 




603.3164 


14814969 


473.8447 


21.7673 


% 




606.3906 


14932.368 


476.2592 


21.8237 


m» 




609.4726 


15046.364 


470.6798 


21.8781 


% 




612.6625 


15160,921 


481.1066 


21.9335 


'^ 




615.6601 


15285.066 


483.6393 


31.9889 


% 




618.7656 


15391.794 


486.9785 


23.0443 


% 




621.8789 


16508.106 


488.4237 


22.0997 


2Si«. 


78.6400 


625 


16626 


490.8750 


22.1550 


Hi 


78.7363 


633.1289 


6742.480 


493.3326 


23.2104 


a 


7e.S327 


631.2666 


6860.648 


495.7960 


22,3668 


Ml 


79.1990 


634,4101 


16979.204 


498.2657 


23.3212 


M 


79.3264 


637.6635 


6098.453 


600,7415 


22.3766 


% 


79.6317 


640.7336 


6218,290 


603,2236 


22.4330 


X 


79.7181 


643,8906 


6338,323 


606,7117 


23.4873 


^ 


79.9144 


647.0664 


6159.761 


508.3060 


23.6437 


a 


80.110B 


650.S5 


16581.375 


510.7063 


22.6S81 


Me 


80.3071 


6S3.44U 


16 03.595 


613,3129 


22.6635 


M 


80.6035 


656.6406 


16e26.415 


516.7355 


23.7089 


>Ms 


80.6998 


659.8476 


16949.834 


518.2443 


23.7613 


K 


80.89fi3 


663,0625 


17073.859 


520.7692 


33.8197 


'«s 


81.0925 


666.2851 


17196.482 


633.3003 


22.8751 


!i 


81.2889 


669.5166 


17333.716 


536.3375 


23.9S05 


>«. 


81.4352 


672.7539 


17449^2 


538.3809 


23.9858 


26 i». 


81.6816 


676 


17676 


630.9304 


23.0412 


M> 


81.8779 


679,2639 


17703.064 


633.4860 


23.0966 


a 


82.0743 


683.6156 


17830.720 


536.0477 


23.1630 


*M 


82.2706 


686.7851 


17934.708 


538.6166 


23.2074 


a 


82.4670 


689.0625 


18087,890 


511.1896 


23,0628 


'A, 


83.6633 


693.3476 


18217,396 


643.7698 


23.31B2 


% 


82.8597 


695.6406 


18347.520 


646,3561 


23,3736 


li, 


83.0560 


698,9414 


18468.364 


648.94B6 


23.4289 


% 


83.2524 


703.25 


18609.625 


551.6471 


33,4843 


%, 


83.4487 


705.S664 


18761.607 


654.1519 


33.6397 


% 


83.6451 


708.8906 


18874.312 


656.7627 


33.6961 


"As 


83.8414 


712,2226 


19007.140 


669.3797 


S3.660S 


% 


84.0378 


715.6626 


19141.296 


663.0037 


33,7088 


"A 


84.2341 


718.9101 


19275.767 


664.6320 


23.76IS 


a 


84.4305 


723.3656 


19410.888 


667.2674 


23,8166 


"An 


84,0263 


726.6289 


19646.628 


669.4090 


23.8731 



MATHEMATICAL TABLES. 



15 



Dia.or 










Bide of 


Root. 


Cironm. 


Square. 


Cube. 


Area. 


« square. 


27 in. 


84.8232 


729 


19683 


572.5566 


23.9274 


Ms 


85.0195 


732.3789 


19820.003 


676.2104 


23.9828 


% 


85.2159 


735.7656 


19957.642 


677.8703 


24.0382 


Ms 


85.4122 


739.1601 


20058.967 


580.6364 


24.0936 


ii 


85.6086 


742.5625 


20234.828 


583.2085 


24.1490 


Ms 


85.8049 


745.9726 


20374.376 


586.8869 


24.2044 


% 


86.0013 


749.3906 


20514.567 


688.6714 


24.2598 


Ms 


86.1976 


752.8164 


. 20655.399 


591.2620 


24.3192 


% 


86.3940 


756.25 


20796.875 


693.9587 


24.3705 


Ms 


86.5903 


769.6914 


20942.994 


596.6616 


24.4269 


% 


86.7867 


763.1406 


21081.759 


699.3706 


24.4813 


% 


86.9830 


766,5976 


21225.171 


602.0858 


24.5067 


% 


87.1794 


770.0625 


21369.234 


604.8070 


24.6921 


% 


87.3757 


773.5351 


21514.044 


607.5345 


24.6476 


% 


87.5721 


777.0156 


21659.309 


610.2680 


24.7029 


% 


87.7684 


780.6039 


21805.327 


613.0078 


24.7583 


28 «n. 


87.9648 


784 


21952 


615.7536 


24.8136 


Ms 


88.1611 


787.5039 


22099.328 


618.5051 


24.8690 


% 


88.8575 


791.0156 


22247.313 


621.2636 


24.9244 


Ms 


88.5538 


794.535] 


22395.958 


624.0279 


24.9797 


)^ 


88.7502 


798.0625 


22646.265 


626.7982 


25.0351 


Ms 


88.9465 


801.5976 


22695.231 


629.6748 


25.0905 


9£ 


89.1429 


805.1406 


22845.864 


632.3674 


25.1459 


Ms 


89.3392 


808.6914 


22997.161 


635.1462 


25.2013 


^ 


89.5356 


812.25 


23149.125 


637.9411 


25.2567 


Ms 


89.7319 


815.8164 


23301.755 


640.7422 


25.3121 


% 


89.9283 


819.3906 


23455.056 


643.5494 


25.3675 


% 


90.1246 


822.9726 


23609.026 


646.3627 


25.4229 


% 


90.8210 


826.5625 


23763.671 


649.1821 


25.4783 


"/^ 


90.5173 


830.1601 


23919.007 


652.0078 


25.6337 


% 


90.7137 


833.7656 


24074.981 


654.8395 


26.5891 


% 


90.9100 


837.3789 


24231.651 


657.6774 


26.6446 


29 m. 


91.1064 


841 


24389 


660.5214 


25.6998 


Ms 


91.3027 


844.6289 


24547.027 


663.3716 


25.7524 


% 


91.4991 


848.2656 


24705.735 


666.2278 


25.8106 


Ms 


91.6954 


851.9101 


24865.126 


669.0902 


25.8660 


?4 


91.8918 


855.5625 


25025.203 


671.9587 


26.9214 


Ms 


92.0081 


859.2226 


25195.962 


674.8335 


26.9768 


% 


92.2845 


862.8906 


25347.411 


677.7143 


26.0325 


Ms 


92.4808 


B66.5664 


25519.548 


680.6013 


26.0876 


% 


92.6772 


870.25 


25672.375 


683.4943 


26.1429 


Ms 


92.8735 


873.9414 


25836.892 


686.3936 


26.1983 


% 


93.0699 


877.6406 


26000.102 


689.2989 


26.2537 


% 


93.2662 


881.8476 


26165.006 


692.2104 


26.3091 


% 


93.4626 


885.0625 


26330.609 


695.1280 


26.3645 


W/& 


93.6589 


888.7851 


26496.905 


698.0518 


26.4799 


% 


93.8553 


892.6156 


26663.903 


700.9817 


26.4783 


% 


94.0516 


896.2539 


26831.521 


703.9178 


26.5307 



16 



TEMPLETOM S 



DIa. %T 
RMt. 



30 m. 

Ms 

% 
Ms 

8> 



Clroom. 



% 

*Ms 
% 

% 
% 

31 in. 

Ms 

% 

% 
Ms 

Ms 

Ms 

% 

% 

">4s 

% 

% 

m. 

Ms- 

% 

Ms 

54 

Ms 

% 

Ms 

% 

Ms 

% 



94.2480 
94.4443 
94.6407 
94.8370 
95.0334 
95.2297 
95.4261 
95.6224 
95.8188 
96.0151 
96.2115 
96.4078 
96.6042 
96.8005 
96.9969 
97.1932 

97.3896 
97.5859 
97.7823 
97.9786 
98.1750 
98.3713 
98.5677 
98.7648 
98.9684 
99.1567 
99.3531 
99.5494 
99.7458 
99.9421 
00.1385 
00.3348 

00.5312 
100.7275 
00.9240 
01.1202 
01.3166 
01.5130 
01.7093 
01.9056 
02.1020 
02.2983 
02.4947 
02.6910 
02.8874 
03.0837 
03.2801 
03.4764 



Bqiwre. 



900 

903.7539 

907.6156 

911.2851 

915.0625 

918.8476 

922.6406 

926.4414 

930.25 

934.0664 

937.8906 

941.7226 

945.5625 

949.4101 

953.2656 

957.1289 

961 

964.8789 

968.7656 

972.6601 

976.5625 

980.4726 

984.3906 

988.3164 

992.25 

996.1914 

000.140 

004.097 

008.062 

012.035 

016.015 

020.003 

024 

028.003 

032.015 

036.035 

040.062 

044.097 

048.840 

052.191 

056.25 

060.316 

064.390 

06^472 

072.562 

076.660 

080.765 

084.878 



Cube. 



27000 

27249.101 

27338.907 

27463.846 

27680.640 

27862.567 

28025.208 

28198.561 

28372.625 

28547.504 

28722.899 

28899.122 

29076.046 

29253.698 

29432.075 

29606.975 

29791 

29979.550 

30152.829 

30296.203 

30517.578 

30701.048 

30885.255 

30946.712 

31255.875 

31442.191 

31629.446 

31817.542 

32005.984 

32195.366 

32385.497 

32576.376 

32768 

32960.376 

33153.601 

33295.578 

33542.016 

33737.403 

33956.314 

34130.258 

34328.125 

34526.552 

34725.743 

34925.698 

35026.421 

35327.909 

35530.169 

35733.198 



706.8600 
709.8083 
712.7627 
715.7233 
718.6900 
721.6629 
724.6419 
727.6271 
730.6183 
733.6158 
736.6193 
739.6290 
742.6447 
745.6667 
748.6948 
751.7291 

754.7694 
757.8159 
760.8685 
763.9273 
766.9921 
770.0632 
773.1404 
776.2237 
779.3131 
782.4087 
785.5104 
788.6183 
791.7322 
794.8524 
797.9786 
801.1111 

804.2496 
807.3943 
810.5450 
813.7020 
816.8650 
820.0343 
823.2096 
826.391 1 
829.5787 
832.7725 
835.9724 
839.1784 
842.3905 
845.6089 
848.8333 
852.0639 



Side of 
» square. 

26.6860 
26.6413 
26.6967 
26.7521 
26.8075 
26.8629 
26.9183 
26.9737 
27.0291 
27.0844 
27.1398 
27.1»52 
27.2506 
27.3060 
27.3614 
27.4168 

27.4722 
27.5275 
27.5829 
27.6383 
27.6937 
27.7491 
27.8045 
27.8599 
27.9153 
27.9706 
28.0260 
28.0814 
28.1368 
28.1922 
28.2476 
28.3030 

28.3584 
28.4137 
28.4691 
28.5245 
28.5799 
28.6352 
28.6912 
28.7466 
28.8015 
28.8568 
28.9122 
28.9676 
29.0230 
29.0784 
29.1338 
29.1892 



UATHIUATICAL lABLlS. 



Dhk or 










Hid* of 


Root. 


CiniiDL 


Squ» 


CuhR 


Am. 




33 m. 


103.6728 


1089 


35937 


1)06 


29.2446 




103.8691 


1093.129 


36141.677 


436 


29.2999 




1040655 


097.265 


36364.928 


924 






104.2618 


101.410 


S6553.144 


475 


29.4107 




ifn.vm 


105.662 


3e759.9a 


»87 


29.4661 




(M.6B« 


109.722 


3M67.6U 


m 


29.6216 




04.8509 


113.890 




497 


29JS7e9 




Ofi.O«2 


UB.066 




290 


29.6323 


a 


05.2436 


122.25 




881.4161 


29.6877 


'M 


05.4399 


128.441 




(70 


29.7481 




05.6363 


130.640 




161 


29,7985 


>^ 


05.8328 


1134.847 




190 


29.8539 


% 


06.0290 


139.062 




oa..gi96 


29,9092 


'Ml 


] 06.2253 


143.286 


38667.324 


897.9360 


29.9646 


^ 


106.4217 


1147.515 


38B72.068 


901.2687 


30.0300 


>«. 


106.6180 


1151.754 


39087.651 


904J876 


30.0764 


S4in. 


106.8144 


1166 


39304 


907.9224 


30.1308 


^ 


107.0107 


1 60.254 




911.2645 


30.1862 


% 


107.2071 


1 64.616 




914.6106 


30.2418 


^ 


107.4034 


1 68.785 




917.9640 


30.2970 


ia 


107.6993 


1 73.062 




921.3232 


30.3628 


Ht 


07.7961 


1 77.347 




924.6883 


30.4077 


% 


07.9925 


1 81.610 




938.0605 


30.4631 


Hi 


08.1886 


1 S5.941 




931.4380 


30.6185 


% 


08.3852 


1190.26 




934.8323 


30.5739 


'Ae 


OfMlfi 


1194.566 


*l 287.1 87 


938.2121 


30.6293 


% 


01 9 


119B.890 


41611.576 


941.6087 


30,6847 


"M. 


01 2 


1203.222 


41736.763 


945.0110 


30.7400 


% 


o; 6 


1207.563 


419Sa79-2 


948.4196 


30.7954 


"At 


0! 9 


1211.9J0 


42169.617 


951.8341 


30.8608 


n 


09.5633 


1216.265 


42417.2S6 


955.2550 


30.9063 


•M» 


09.7596 


1220.629 


*2695.725 


958.6830 


30.9616 


35 in. 


09.9560 


1225 


42876 


962.1150 


31.0170 


Vk 


IftlMl 


1239.379 


43105.081 


966.5642 


31,0724 


% 




1233.765 


43352.016 


968.9995 


31,1278 


^ 




1238.160 


43567.765 


972.4510 


31,1831 


M 




1342.662 


43800.320 


975.9085 


31.2386 


% 




1246.968 


44033.657 


979.3686 


31.2939 


K 




125' ■■"" 


44267.944 


983.8432 


31.3493 


^ 


1 1 


12.^ 


44W3.979 


986.3180 


31.4047 


W 




128 


44738.875 


989.8003 


31.4601 


fig 


1 1 


126 


44972.017 


993.2097 


81.5166 


fi 


111.9195 


126 


45213.120 


996.7830 


3U700 


■!^ 


112,1158 


127 


45451.493 


1000.3473 


31.6263 


fe 


112.3I2'2 


127 


45690.728 


1003,7903 


3.6817 


"yb 


112.5086 


128 


46930.784 


1007,3030 


3 ,7370 


a 


112.7049 


128 


46171.680 


1010.8220 


3 ,7924 


% 


112.9012 


1291.504 


46413.426 


1014,3472 


3 .8478 
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DIa. %T 
Root. 

36 tn. 

% 

Mb 

34 

Ms 

% 

Mb 

Mb 

% 

% 

»>4b 

% 

% 

87 tn. 
Mb 

Mb 

^ 

Mb 

9^ 

Mb 

Ma 
'^ 
% 
% 
% 
7& 
% 
38 m. 
Mb 
% 

Ms 

% 

Ms 

% 

Ms 

*/6 

% 

% 

% 

1Mb 



CIroam. 



Square. 



113.0976 


1296 


113.2939 


1306.503 


113.4903 


1308.015 


113.6866 


1309,535 


113.8830 


1314.062 


114.0793 


1318.597 


114.2757 


1323.140 


114.4720 


1327.691 


114.6684 


1332.25 


114.8647 


1336.816 


115.0611 


1341.390 


115.2572 


1345.972 


115.4538 


1350.562 


115.6501 


1355.160 


115.8465 


1359.765 


116.0428 


1364.378 


116.2392 


1369 


116.4a55 


1373.628 


116.6319 


1378.265 


116.8282 


1382.910 


117.0246 


1387.562 


n7.2.'09 


1392.222 


117.4173 


1396.890 


117.6136 


1401.566 


117.8100 


1406.25 


118.0063 


1410.941 


118.2027 


1415.640 


118.3990 


1420.347 


118.5954 


1425.062 


118.7917 


1429.785 


118.9881 


1434.515 


119.1844 


1439.253 


119.3808 


1444 


119.5771 


1448.753 


11.9.7735 


1453.515 


119.9698 


1458.285 


120.1662 


1463.062 


120.3625 


1467.847 


120.5589 


1472.640 


120.7552 


1477.441 


120.9516 


1482.25 


121.1479 


1487.066 


121.3443 


1491.890 


121.5406 


1496.722 


121.7370 


1501.562 


121.9333 


1506.410 


122.1297 


1511.265 


122.3260 


1516.128 



Cube. 



46656 

47115.796 

47252.063. 

47388.801 

47634.765 

47881.565 

48129.239 

48377.795 

48627.125 

48877.349 

49128.430 

49380.360 

49633.171 

49886.831 

50141.356 

50396.745 

50653 

51010.121 

51168.110 

51426.969 

51686.703 

52447.305 

52208.786 

52471.142 

52734.375 

52998.497 

53263.477 

53517.892 

53796.109 

54063.629 

54332.278 

54601.694 

54872 

55143.195 

5541.5.282 

55687.252 

55962.140 

56236.915 

56512.583 

56789.213 

57066.625 

57244.998 

57624.274 

57904.455 

58185.546 

58467.542 

58750.450 

59034.251 



Area. 



017.8784 
021.4158 
024.9592 
028.5089 
032.0646 
035.6266 
039.1946 
042.7913 
046.3941 
049.9581 
053.5281 
057.1269 
060.7317 
064.3428 
067.9599 
071.5832 

075.2126 
078.8482 
082.4898 
086.1376 
089.7915 
093.4517 
097.1179 
100.7903 
104.4687 
108.1534 
111.8441 
115.5410 
119.2440 
122.9532 
126.6685 
130.3900 

134.1176 
137.8513 
141.5911 
145.3371 
149.0892 
152.8475 
156.6119 
160.3825 
164.1591 
167.9420 
171.7309 
175.5260 
179.3271 
183.1345 
186.9480 
190.7677 



Side of 
» square. 



31.9032 
31.9585 
32.0139 
32.0693 
32.1247 
32.1801 
32.2355 
32.2909 
32.3463 
32.4016 
32.4570 
32.5124 
32.5678 
32.6232 
32.6786 
32.7340 

32.7894 
32.8447 
32.9001 
32.9555 
33.0109 
33.0663 
33.0217 
33.1771 
33.2325 
33.2878 
33.3432 
33.3986 
33.4540 
33.5094 
33.5648 
33.6202 

33.6756 
33.7309 
33.7863 
33 8417 
33.8971 
33.9525 
34.0079 
34.0633 
34.1187 
34.1740 
34.2294 
34.2848 
34.3402 
34.3956 
34.4510 
34.5064 



M T 



18 



TEMFLETOM 8 



]>ift.or 




Boot. 


CircnxD. 


39 in. 


122.5224 


Ms 


122.7187 


% 


122.9161 


M6 


123.1114 


^ 


123.3078 


%i 


123.5041 


% 


123.7005 


%i 


123.8968 


% 


124.0932 


^ 


124.2895 


% 


124.4859 


% 


124.6822 


% 


124.8786 


^^Ab 


125.0749 


% 


125.2713 


"^ 


125.4676 


40 in. 


125.6640 


Hs 


125.8603 


^8 


126.0567 


*/l6 


126.2530 


^ 


126.4494 


%i 


126.6457 


% 


126.8421 


Mc 


127.0384 


% 


127.2348 


9^6 


127.4311 


% 


127.6275 


% 


127.8238 


?i 


128.0202 


*M« 


128.2165 


Vb 


128.4129 


His 


128.6092 


41 m. 


128.8056 


Ms 


129.0019 


% 


129.1983 


%i 


129.3946 


Va 


129.5910 


Me 


129.7873 


9^ 


129.9837 


Me 


130.1800 


Va 


130.3764 


Me 


130.5727 


% 


130.7691 


"/^ 


130.9654 


% 


131.1618 


"/^G 


131.3581 


^. 


131.5545 


% 


131.7508 



Square^ 



1521 

1525.878 

1530;r65 

1535.660 

1540.562 

1545.47i2 

1550.390 

1555.316 

1560.25 

1565.191 

1570.140 

1575.097 

1580.062 

1585.035 

1590.015 

1595.003 

1600 

1605.003 

1610.015 

1615.035 

1620.062 

1625.097 

1630.140 

1635.191 

1640.25 

1645.316 

i650.390 

1655.472 

1660.562 

1665.660 

1670.765 

1675.878 

1681 

1686.128 

1691.265 

1696.410 

1701.562 

1706.722 

1711.890 

1717.066 

1722.25 

1727.441 

1732.640 

1737.847 

1743.062 

1748.285 

1763.515 

1768.753 



Cube. 



59319 

69604.445 

59891.204 

60178.680 

60466.078 

60756.391 

61046.629 

61337.798 

61629.875 

61922.884 

62216.822 

62511.686 

62807.484 

63304.209 

63401.872 

63700.468 

64000 

64300.468 

64601.875 

64894.223 

65207.515 

65511.747 

65816.926 

66123.052 

66430.125 

66738.146 

67047.110 

67357.041 

67667.925 

67971.590 

68292.539 

68706.292 

68921 

692.36.667 

69553.297 

69870.890 

70189.453 

70508.977 

70829.473 

71150.938 

71473.375 

71703.482 

72121.164 

72444.541 

72772.859 

73100.170 

73428.465 

73767.791 



Area. 



194.6934 
198.4253 
202.2633 
206.1075 
209.9577 
213.8142 
217.6768 
221.6455 
225.4203 
229.3013 
233.1884 
237.0817 
240.9810 
244.8866 
248.7982 
252.7161 

256.6400 
260.5701 
264.6062 
268.4486 
272.3970 
276.3517 
280.3124 
284,2793 
288.2523 
292.2315 
296.2168 
300.2082 
304.2057 
308.2095 
312.2193 
316.2353 

320.2674 
324.2857 
328.3200 
332.3605 
336.4071 
340.4600 
344.5189 
348.5840 
352.6551 
356.7325 
360.8159 
364.9055 
369.0012 
373.1031 
377.2111 
381.3253 



Side of 
sssquaze. 

34.5618 
34.6171 
34.6725 
34.7279 
34.7833 
34.8387 
34.8941 
34.9495 
35.0049 
35.0602 
36.1160 
36.1710 
36.2264 
36.2818 
36.3372 
36.3926 

36.4480 
35.5033 
35.5687 
35.6141 
a5.6695 
35.7249 
35.7803 
35.8357 
35.8911 
35.9464 
36.0018 
36.0572 
36.1126 
36.1680 
36.2234 
36.2788 

36.3342 
36.3895 
36.4449 
36.5003 
36.6657 
36.6111 
36.6665 
36.7219 
36.7773 
36.8326 
36.8880 
36.9434 
36.9988 
37.0542 
37.1096 
37.1650 



IMfcOr 










8u«of 


RoM. 


Clrnm. 


BviMn. 


CulM. 


A«. 


= -lBa«. 


43 in. 


S1.9472 


1761 


71088 


1386.1456 


37.3204 


K< 


33.1435 


1769.263 


74119.212 


1389,5720 


37.2767 


K 


S-2.3399 


1771.515 


71751.469 


1393.7016 


37.3311 


Hm 


33^^36-2 


1779.785 


75084.683 


1397.8132 


37.3865 


a 


S2.732S 


1785.062 


75418.890 


1101,9880 


37.4419 


Ki 


32.9389 


1790.347 


76711.770 


1406.1390 


37.4973 


X 


33.13S3 


1795.640 


76090.370 


1410,396! 


37,5527 


% 


S3.J2ie 


1800.941 


76436.160 


111.4594 


37.6081 


H 


33.51 BO 


1806.35 


76765.625 


4!8.6287 


37,6635 


M. 


33.7143 


1811.566 


77304.791 


1432,8013 


37.7188 


% 


33.9107 


1816.890 


77141.961 


4-26.9859 


37.7742 


<Mt 


3i.)070 


1833.323 


77786.137 


431.! 737 


37,8296 


K 


34.J034 


1827.563 


78138,396 


1136.3675 


37.8350 


"A, 


31.4997 


1 832.910 


78171,163 


439,5676 


37.9104 


K 


131.6961 


1838,265 


78816.637 


413.7738 


37.9958 


fi. 


134.8934 


1813.628 


79160,816 


117.9863 


38.0513 


43 tn. 


135.0888 


1819 


79607 


1452.2046 


38.I06S 


Ml 


135.2851 


1864.378 


79854.191 


1156.4292 


38.1619 


a 


135.481S 


1859.765 


80202,391 


1460,6599 


38.2173 


135.6778 


1865.160 


80561.601 


464.8968 


38.2727 


!ii 


135.8713 


1870,562 


80901.838 


469.1397 


38.3281 




I36.070S 


187S.972 


81253.063 


173.3839 


38.3836 




136.2669 


1881.390 


81605,317 


177.6313 


38.4389 




136.1633 


18SS.816 


81958.587 


181.9006 


38.4943 




136.6596 


1893.25 


82313.875 


1486.1731 


38,5197 




I36.S559 


1897-691 


ffi86B.181 


1190.1468 


38.6050 




137.0523 


1903.140 


83024.508 


1194. 7266 


38.6601 




137.3136 


191)8.597 


83382.857 


1199.0126 


38,7166 




137.1150 


1911.062 


83740.334 


1503.3016 


31,7712 


"A 


137.6413 


1919.535 


81099,631 


1507.6029 


38.8266 


ft 


137.8377 


1925.015 


84160.059 


1511.9072 


38.8820 


■M. 


138.0340 


1930.503 


84831.516 


1516.3178 


38.9374 


14 in. 


138.2304 


936 


85184 


1320.5344 


38.9928 


Ha 


138.4267 


941.603 


85617.515 


1521.8573 


39.0181 


K 


138.6-231 


917.015 


85912.063 


1539.1860 


39.1035 


«. 


138.8194 


952.536 


86378.814 


1533.5211 


39.1689 


i4 


139.015S 


958.062 


86611.365 


1537.8622 


39.2113 


«< 


139.212] 


963.597 


87011.918 


1512.2046 


39.2697 


X 


139.1085 


969.110 


87380.614 


1516.6530 


39.3251 


%i 


139.6018 


974.691 


07740,269 


1550.9176 


39.3805 


K 


139.8012 


980.35 


88131.125 


1556.2883 


39.1359 


M. 


139.9975 


985.816 


88192.913 


1559.6602 


39.4913 


« 


110.1939 


991.390 


88885.805 


1561.0382 


39.5166 


>Mi 


110.3902 


996.973 


89339,713 


1668.4323 


39.6020 


U 


110.5866 


300'2.662 


89614.652 


1673.8125 


39.6574 


>Hi 


140.7829 


3008.160 


89990.674 


1577.2090 


39.7128 


K 


110.9793 


2013.765 


90367.731 


1581.6115 


39.7682 


•«. 


111.1786 


3019.378 


90745.839 


1586.0203 


39.8-236 



TEHFLEIOX S 



4fiin. 


4.8720 


2025 


91135 


1590.4360 


39.3790 


Ht 


4 .6683 


2030.628 


91516.214 


1694.4660 


39.9343 


H 


4 .7647 


2036.265 


91886.486 


1699.2830 


89.9897 


^ 


4 .9610 


2041,910 


9326B.812 


1603.7162 


40.0461 


42.1574 


2047.563 


92652.203 


1608.1656 


40.1005 


•A. 
% 


42.3S37 


2053.22-3 


93036.640 


1612.5961 


40.1559 


42.iS01 


2058.890 


93422.161 


1617.0437 


40.2113 


Ji. 


42.7464 


2064.566 


93808.735 


1631.6056 


40.2667 


42.9428 


2070.26 


94196.376 


1626.9743 


40.3321 


'At 


43.1S91 


2075.941 


94585.080 


1630,4444 


40,3774 


% 


43.3355 


2081.G40 


94974.852 


1634.9305 


40.4328 


'Mt 


43.5318 


2087.347 


96363.694 


1639.4028 


40.4883 


% 


43.7282 


2093.062 


95767.609 


1643.8912 


40.6436 


"At 


43,9245 


2098.735 


96149.692 


1648.3858 


40.6990 


fi 


144.1209 


21D4.5I5 


96544.653 


1663.8866 


40.6544 


mg 


144.3172 


2110.253 


97239.788 


1657.3934 


40.7098 


46 in. 


44JI36 


3116 


97336 


1661.9064 


40-7652 




44.7099 


2121.763 


97733.289 


1666,4355 


40*K6 




41.9063 


2127.516 


98131.667 


16! 0.9607 


40.8759 




45.1026 


2133.386 


98331.103 


1675.4821 


40.9313 




45.2990 


2139.063 


98931.640 


1680.0196 


40.9867 


•Ht 


45.4953 


2H4.B47 


99333.254 


1684,5683 


41.0421 


% 


46.6917 


2150,640 


99736.957 


1609.1031 


41,0975 


«» 


45.8880 


2156 441 


100139.447 


1693.6641 


41.1529 


h 


UB,0844 


2 62.25 


100544.625 


1698.2311 


41.2083 


% 




3 68.066 


1009S0.601 


1703,7994 


41,2636 


h 


146!477l 


2 73.390 


101357.649 


1707.3737 


41.3190 


'Us 


146.67.S4 


9 7B.7-22 


101765.778 


1711.9542 


41.3744 


% 


146.8698 


2185.562 


102175.046 


1716.5407 


41.4298 


■Ml 


1 J 7.066 i 


2191.410 


103185.385 


1721.1335 


41.4862 


K> 


147.2625 


2197.265 


102996.825 


1735.7.134 


41.6406 


"Ml 


147.4588 


2203.123 


103413.900 


1730.3375 


41.6960 


47 in. 


147.65S2 


2309 


1038-23 


1734.9486 


41.6514 


Mi 


147.8515 


2214.378 


104237.738 


1739.6659 


41.706T 


a 


148,0479 


2220.765 


104653.679 


1744.1393 


41.762! 




143.2442 


2226.660 


105070.623 


1743.8189 


41.8176 




I4S.4406 


2232.562 


105488.578 


1753.4546 


41.8729 




148,6369 


323&472 


105907,734 


1768.0914 


41.9983 




14&8333. 


2244.390 


106323.004 


1762.7344 


41.9837 




149.0396 


2260.316 


106749.384 


1767.3935 


42.0391 


w 


149.2260 


3356.25 


107171.875 


1773.0587 


42,0946 


'A 


149.4223 


2362.191 


107593.478 


1776,7251 


43.1498 


« 


149.61R7 


2268.140 


108020.196 


1731,3976 


42,2052 


'Mi 


149.SI50 


2374.097 


108446.029 


1786.0763 


42.2606 


% 


1S0.0H4 


2380.062 


108873.984 


1790.7610 


43.3160 


'«. 


150.2077 


2286.036 


109310.753 


1795.4530 


42,8714 


?i 


150.4041 


2392.015 


109730.246 


1800.1490 


42.4268 


■H. 


150.6004 


2298.003 


110160.661 


1M4.8623 


42.4892 
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Side of 


Root. 


CiroUQi* 


Squaro. 


Cube. 


Area. 


=: square. 


48 tn. 


150.7968 


2304 


110592 


1809.6616 


42.6376 


Ms 


150.9931 


2310.004 


1] 1024.610 


1814.2551 


42.6929 


^ 


151.1895 


2316.015 


111458.250 


1818.9986 


42.6483 


%t 


151.3858 


2322.035 


111993.066 


1823.7264 


42.7037 


^ 


151.5822 


2328.062 


112329.015 


1828.4602 


42.7591 


%i 


151.7785 


2334.097 


112855.090 


1833.1953 


42.8145 


% 


151.9749 


2340.140 


113204.301 


1837.9364 


42.8699 


^6 


152.1712 


2346.191 


113643.645 


1842.6937 


42.9253 


H 


152.3676 


2352.25 


114084.125 


1847.4571 


42.9807 


^ 


152.5639 


2358.316 


114726.740 


1852.2167 


43.0361 


% 


152.7603 


2864.390 


114968.493 


1856.9924 


43.0915 


^Ab 


Ih'lM^^ 


2370.472 


115412.384 


1861.7892 


43.1468 


% 


153.1530 


2376.562 


115857.421 


1868.5521 


43.2022 


% 


153.3493 


2382.660 


116303.596 


1871.3413 


43.2576 


^8 


153.5457 


2388.765 


116750.918 


1876.1365 


43.3130 


% 


153.7420 


2394.878 


117199.386 


1880.9379 


43.3684 


49 m* 


153.9384 


2401 


117649 


1885.7454 


43.4238 


'.^ 


154.1347 


2407.129 


118099.810 


1890.5591 


43.4791 


^ 


154.3311 


2413.265 


118551.672 


1895.3788 


43.5345 


M« 


154.5274 


2419.410 


1 19004.734 


1900.2047 


43.5899 


)4 


154.7238 


2425.562 


119458.953 


1905.0367 


43.6453 


% 


154.9201 


2431.722 


119914.320 


1909.8700 


43.7007 


» 


155.1165 


2437.890 


120370.848 


1914.7093 


43.7561 


Me 


155.3128 


2444.066 


120828.532 


1919.6648 


43.8115 


% 


155.5092 


2450.26 


121287.375 


1924.4263 


43.8669 


Ms 


155.7055 


2456.441 


121747.376 


1929.2891 


43.9223 


*/6 


155.9019 


2462.640 


122208.539 


1934.1579 


43.9777 


% 


156.0982 


2468.847 


122671.264 


1939.0329 


44.0330 


^ 


156.2946 


2475.062 


123134.359 


1943.9140 


44.0884 


"/^ 


156.4909 


2481.285 


123599.014 


1948.8013 


44.1438 


% 


156.6873 


2487.515 


124064.336 


1953.6947 


44.1992 


% 


156.8836 


2493.763 


124531.835 


1958.0943 


» 44.2546 


50 in* 


157.0800 


2500 


125000 


1963.5000 


44.3100 


Ms 


157.2763 


2506.254 


125469.886 


1968.4118 


44.3653 




157.4727 


2512.515 


125939.844 


1973.3297 


44.4207 


Ms 


157.6690 


2518.785 


126411.527 


1978.2.525 


44.4761 




157.8654 


2525.062 


126884.390 


1983.1840 


44.5315 


Ms 


158.0617 


2531.347 


127358.426 


1988.6154 


44.5869 


3^ 


158.2581 


2537.640 


127833.645 


1993.0529 


44.6423 


Ms 


158.4544 


2543.941 


128310.004 


1998.0066 


44.6977 


A/ 


158.6508 


2550.25 


128787.625 


2002.9663 


44.7531 


Ms 


158.8471 


'I^bmM^ 


129266.388 


2007.9273 


44.8085 


% 


159.0435 


2562.890 


129746.336 


2012.8943 


44.8639 


^ M 


159.2398 


2569.222 


130327.469 


2017.8675 


44.9192 




159.4362 


2575.562 


130709.797 


2022.8467 


44.9746 




159.6325 


2581.910 


131193.306 


2027.8172 


45.0300 




159.8289 


2588.265 


131678.012 


2032.8238 


45.0854 


% 


160.0252 


2594.628 


132163.909 


2037.8216 


45.1408 



c 2 



TEKFLKTOHS 



Sim. 


160.2216 


2601 


132651 


2042.8254 


46,1902' 


Vi. 


160.4179 


2607.379 


133139.336 


2017.8354 


46.2515 


a, 


160.6143 


2613.765 


133628.766 


2052.8516 


45,3069 


^ 


160.3106 


2620.160 


134119.445 


2067.3798 


45.3623 


!A 


161.0070 


2626.562 


131611.323 


2062.9021 


4.^.4177 


^ 


161.2033 


2632.972 


135104,406 


2067.9317 


45.4731 


X 


161.3997 


2639.390 


1 35598.692 


2072.9674 


45.6285 


%> 


161.5960 


2645.816 


136094,181 


2078,0293 


45.5839 


% 


161,7924 


2652,25 


136590.875 


2083.0771 


45.6393 


t^ 


161.9887 


2658,691 


137088,775 


2088.1362 


46,6947 


% 


162.1851 


2665.140 


137SB7.S83 


2093.2014 


46,7601 


"4, 


1G3.3814 


2671.697 


138038,220 


209&267e 


45,8054 


K 


162.5778 


2678.062 


138689.734 


2103,3502 


45.8608 


-^ 


162.7741 


2684.535 


139093.474 


2108,4339 


45.9162 


% 


162.9706 


2691.015 


139596.434 


SI 13.6236 


45.9716 


■M. 


1E3.1668 


2697.503 


140101J57 


2118,1196 


46.0'270 


52 Jn, 


163.3633 


2704 


140608 


2123.7216 


46.0824 


^ 


163.5595 


2710.504 


141115.661 


2128.3298 


46.1377 


iir 


163.7549 


2717.015 


141624.438 


2133.9440 


46.1931 


Mi 


163.9S22 


2723.S35 


142134.389 


2139.0645 


46.2485 


Si 


164.1486 


2730.062 


142645.766 


2144,!»10 


46.3039 


M. 


164.3449 


2736.597 


143150.251 


2149,3238 


46.3593 


X 


164.5413 


2743.140 


43671.989 


2164,4626 


48.1147 


Ms 


164.7376 


2749.691 


44186.942 


2159.6076 


16.1701 


W 


64.9340 


2756.35 


44703.125 


2164.7687 


16.5256 


'^ 


65.1303 


2762.816 


45219.537 


2169.9160 


16.5809 


M 


65.3-267 


2769,390 


45739,180 


2175,0794 


46.6363 


'A 


65,5230 


2775,972 


46606.052 


2180.2489 


46,6916 


S 


65,7194 


278J,W2 


46780.172 


2185.4246 


16.7470 


■«• 


165 9157 


2789,160 


46953.872 


2190.6064 


46.8024 


ft 


166,1121 


2795.765 


147826,106 


2195.7943 


46.8573 


•Hs 


166.3084 


2802.378 


148350.893 


2200.9884 


46.9132 


S3 in. 


166.G048 


2809 


148877 


2206.1386 


46.9686 


M< 


166.7011 


2815.629 


149404,361 


2211.3960 


47,0239 


% 


166.8975 


28M.265 


149932.860 


2216.6074 


47,0793 


M( 


167.0938 


2823.910 


150462.655 


2221.8260 


47.1347 


ii 


167.3903 


2835.562 


150993.703 


2227.0507 


47.1901 


^ 


167.4865 


3842.222 


161525.992 


2232.2817 


47.2465 


X 


167.6829 


2848.890 


152069.535 


2237.SIB7 


47.3009 


',ii 


167.8792 


2355.566 


162594.329 


2242.7619 


47.3563 


» 


168.0756 


2862.25 


153130.375 


2248.0111 


47.1117 


!^ 


168,2713 


2868.941 


153667.673 


2253,2666 




H 


I6B.46S3 


2875,840 


154206.227 


2268.5281 


17!5226 


■Vi» 


168.6646 


2882.347 


154746.036 


2263.7903 


17.6778 


% 


168,8610 


2889.062 


155237.109 


2269.0696 


47.6332 


'y. 


169-0573 


2895.785 


156829.336 


2274.3496 


47.6886 


ft 


169.2537 


2902.515 


156373.028 


2279.6357 


17.7110 


■M. 


169.4500 


2909.253 


156917.882 


2284J)280 


17.7991 



MATHEMATICAL TAVLESf, 



23 



D{a.or 


« 


, 






Bide of 


Root. 


Circnm. 


Square. 


Cabe. 


Area. 


. sqnaie. 


54 in. 


169.6464 


2916 


157464 


2290.2264 


47.8548 


Mb 


169.8427 


2922.754 


158011.436 


2295.5309 


47.9101 


% 


170.0391 


2929.515 


158560.032 


23U0.8415 


47.9655 


Ms 


170.2354 


2936.285 


159109.948 


2306.1583 


48.0209 


^ 


170.4318 


2943.062 


159661.140 


2311.4812 


48.0763 


Ms 


170.6281 


2949.847 


160213.597 


2316.8163 


48.1317 


% 


170.8245 


2956.640 


160767.332 


2322.1455 


48.1871 


^As 


171.0208 


2963.441 


161322.541 


2327.4819 


48.2425 


H 


171.2172 


2970.25 


161878.625 


2332.8343 


48.2979 


Ms 


171.4135 


2977.066 


162436.185 


2338.1880 


48.3533 


% 


171.6099 


2983.890 


162995.024 


2343.5477 


48.4087 


% 


171.8062 


2990.722 


163854.242 


2348.9636 


48.4640 


% 


172.0026 


2997.562 


164116.547 


2354.2855 


48.5194 


H4s 


172.1989 


3004.410 


164679.328 


2359.6637 


48.5748 


^ 


172.3953 


3011.265 


165243.199 


2365.0480 


48.6302 


% 


172.5916 


3018.128 


165808.456 


2370.4385 


48.6856 


55 tn* 


172.7880 


3025 


166375 


2375.8350 


48.7410 


Ms 


172.9843 


3031.879 


166942.886 


2381.2382 


48.7963 


H> 


173.1807 


3038.765 


167511.953 


2386.6465 


48.8517 


Ms 


173.3770 


3045.660 


168295.866 


2392.0515 


48.9071 


^ 


173.5734 


3052.562 


168654.078 


2397.4825 


48.9625 


Ms 


173.7697 


3059.472 


169225.578 


2402.9098 


49.0179 


% 


173.9661 


3066.390 


169801.379 


2408.3432 


49.0733 


Ms 


174.1624 


3073.316 


170169.779 


2413.7777 


49.1287 


% 


174.3588 


3080.25 


170953.875 


2419.2283 


49.1841 


Ms 


174.5551 


3087.191 


171532.072 


2424.7026 


49.2395 


f6 


174.7515 


3094.140 


172111.570 


2430.1830 


49.2949 


% 


174.9478 


3101.097 


172692.372 


2435.6246 


49.3502 


^ 


175.1442 


3108.062 


173274.484 


2441.0722 


49.4056 


"/4s 


175.3405 


3115.035 


173856.496 


2446.5486 


49.4610 


fa 


175.5369 


3122.015 


174442.621 


2452.0310 


49.5164 


% 


175.7332 


3129.003 


175028.655 


2457.0197 


49.5718 


56 m- 


175.9296 


3136. 


175616 


2463.0144 


49.6272 


Ms 

1^ 


176.1259 


3143.004 


176204.712 


2468.5153 


49.6825 


)6 


176.3223 


3150.015 


176794.625 


2474.0222 


49.7379 


Ms 

1^ 


176.5186 


3157.035 


177385.909 


2479.5354 


49.7933 


54 


176.7150 


3164.062 


177978.515 


2485.0546 


49.8487 


Ms 


176.9913 


3171.097 


178572.433 


2490.5351 


49.9041 


9^ 

to/ 


177.1077 


3178.140 


179167.676 


2496.1116 


49.9595 


Ms 


177.3040 


3185.191 


179764.239 


2501.6493 


50.0149 


A/ 


177.5004 


3192.25 


180362.125 


2507.1931 


50.0703 


9& 


177.6967 


3199.316 


180961.343 


2512.7431 


50.1257 




177.8931 


3206.390 


181561.867 


2518.2992 


50.1811 




178.0894 


3213.472 


182163.728 


2523.8614 


50.2364 




178.2858 


3220.562 


182766.921 


2529.4297 


50.2918 


^Ms 


178.4821 


3227.660 


183371.441 


2535.0043 


50.3472 




178.6785 


3234.765 


183977.293 


2540.5849 


50.4026 


% 


178.8748 


3241.878 


184384.489 


2546.1717 


50.4580 



24 



TEUPLBTON S 



Dla.or 










Side of 


Root. 


Cinmiii. 


Sqiiax«. 


Cnbe. 


AroR. 


=s eqtiiire. 


57 in. 


179.0712 


8249 


185193 


2551.7646 


50.5134 


Mfi 


179.2675 


3256.129 


185802.912 


2557.3637 


50.5687 


^ 


179.4639 


3263.265 


186414.047 


2562.9688 


50.6241 


Ms 


179.6602 


3270.410 


187026.577 


2568.5801 


50.6795 


% 


179.8566 


3277.562 


187640.453 


2574.1975 


50.7349 


%i 


180.0529 


3284.722 


188255.664 


2579.8212 


60.7903 


% 


180.2493 


8291.890 


188872.223 


2585.4509 


50.8457 


^ 


180.4456 


3*299.066 


189490.126 


2591.0869 


50.9011 


% 


180.6420 


3306.25 


190109.375 


2596.7287 


50.9565 


%i 


180.8383 


3313.441 


190729.970 


2602.3769 


51.0119 


% 


181.0347 


8320.640 


191351.914 


2608.0311 


51.0673 


% 


181.2310 


3327.847 


191985.008 


2613.6942 


51.1226 


% 


181.4274 


3335.062 


192599.859 


2619.3580 


51.1780 


^ 


181.6237 


3342.285 


193225.857 


2625.0307 


51.2334 


y^ 


181.8201 


3349.515 


193858.215 


2630.7095 


51.2888 


% 


182.0164 


8356.753 


194471.829 


2636.3945 


51.3442 


58 in. 


182.2128 


3364 


195112 


2642.0856 


51.3996 


Mb 


182.4091 


3371.254 


195743.487 


2647.7328 


51.4549 


)g 


182.6055 


3378.515 


196376.219 


2653.4861 


51.5103 


Ms 


182.8018 


3385.785 


197010.370 


2659.9565 


51.5657 


^ 


182.9982 


3393.062 


197645.890 


2664.9112 


51.6211 


M? 


183.1945 


3400.347 


198282.869 


2670.6330 


51.6765 


% 


183 3909 


3407.640 


198921.020 


2676.3609 


51.7319 


Mb 


183.5872 


3414.941 


199561.638 


2682.0950 


51.7873 


% 


383.7836 


3422.25 


200201.625 


2687.8351 


51.8427 


Mb 


183.9799 


3429.566 


200743.982 


2693.5814 


51.8981 


% 


184.1763 


3436.890 


201487.711 


2699.3338 


51.9535 


% 


184.3726 


3444.222 


202132.813 


2705.09-24 


52.0088 


94 


184.5690 


3451.562 


202779.296 


2710.8571 


52.0642 


% 


184.7653 


3458.910 


203027.158 


2716.6280 


52.1196 


% 


184.9617 


3466.265 


204076.387 


2722.4050 


52.1750 


% 


185.1580 


3473.628 


204729.005 


2720.1882 


52.2304 


59 tn. 


185.3544 


3481 


205379 


2733.9774 


52.2858 


Mb 


185.5507 


3488.879 


206032.437 


2739.7728 


52.3411 


^ 


185.7471 


3495.765 


206687.141 


2745.5743 


52.3965 


Mb 


185.9434 


3503.160 


207343.288 


2751.8820 


52.4519 


% 


186.1398 


3510.562 


208000.828 


2757.1957 


52.5073 


Mb 


186.3361 


3517.972 


208659.649 


2763.0157 


52.5627 


9^ 


186.5325 


3525.390 


209320.066 


2768.8418 


52.6181 


Mb 


186.7288 


3582.816 


209981.874 


2774.6745 


52.67.35 


% 


186.9252 


3540.25 


210644.875 


2780.5123 


52.72fe 


Mb 


187.1215 


3547.691 


211809.369 


2786.3568 


52.7843 


% 


187.8179 


3555.140 


212975.258 


2792.2074 


52.8397 


'Mb 


187.5142 


3562.597 


212642.544 


2798.0642 


52.8950 


% 


187.7106 


3570.062 


213311,234 


2803.9270 


52.9504 


"/Is 


187.9069 


3577.535 


213981.318 


2809.7461 


53.0058 


Vs 


188.1033 


3585.015 


214642.809 


2815.6712 


53.0612 


% 


188.2996 


3592.503 


215825.702 


2821.5526 


53.1166 



MATHEMATICAL TABLES. 



25 



Dia.or 










Bide of 


Root. 


Ciromn. 


Bqnare. 


Cabe. 


Arm. 


= square. 


60 in. 


188.4960 


3600 


216000 


2827.4400 


5ai720 


Ms 


188.6923 


3607.503 


216676.003 


2833.3336 


53.2274 


% 


188.8887 


3615.015 


217352.813 


2839.2332 


53.2828 


•As 


189.0850 


3622.535 


218041.381 


2845.1391 


53.3381 


% 


189.2814 


3630.062 


218711.265 


2851.0510 


53.3935 


'Ab 


189.4777 


3637.597 


219392.605 


2856.9692 


53.4489 


% 


189.6741 


3645.140 


220075.363 


2862.8934 


53.5043 


Me 


189.8704 


3652.691 


221759.536 


2868.8223 


53.6597 


% 


189.0668 


3660.25 


221445.125 


2874.7603 


53.6151 


•Ab 


190.2631 


3667.816 


222132.140 


2880.7030 


53.6705 


% 


190.4595 


3675.390 


222820.555 


2886.6517 


63.7259 


% 


190.6558 


3682.972 


223510.400 


2892.6067 


53.7813 


% 


190.8522 


3690.562 


224201.672 


2898.5677 


53.8367 


% 


191.0485 


3698.160 


224894.361 


2904.5350 


53.8920 


% 


191.2449 


3705.765 


225588.481 


2910.5083 


53 9474 


% 


191.4412 


3713.378 


226284.016 


2916.4878 


64;0028 


61 m. 


191.6376 


3721 


226981 


2922.4734 


64.0682 


M6 


191.8339 


3728.628 


227679.402 


2928.4652 


54.1136 


Vb 


192.0303 


3736.265 


228379.235 


2934.4630 


54.1680 


Me 


192.2266 


3743.910 


229079.699 


2940.4670 


64.2243 


54 


192.4230 


3751.562 


229783.203 


2946.4771 


54.2797 


Me 


192.6193 


3759.222 


230487.336 


2952.4938 


54.3351 


fg 


192.8157 


3766.890 


231192.911 


2958.5159 


54.3905 


Me 


193.0120 


3774.566 


231949.923 


2964.5445 


64.4459 


^ 


193.2084 


3782.25 


232608.375 


2970.5791 


64.5013 


Me 


193.4047 


3789.941 


233311.067 


2976.6200 


64.5567 


% 


193.601 1 


3797.640 


234029.602 


2982.6669 


54.6121 


% 


193.7974 


3805.347 


234744.380 


2988.7200 


64.6675 


% 


193.9938 


3813.062 


235456.609 


2994.7792 


64.7229 


% 


194.1901 


3820.785 


236172.279 


3000.8423 


54.7782 


% 


194.3865 


3828.515 


236889.403 


3006.9161 


64.8336 


% 


194.5828 


3836.253 


237607.976 


3017.9938 


54.8890 


62 in. 


194.7792 


3844 


238328 


3019.0776 


64.9444 


Me 


194.9755 


3851.753 


239050.476 


3025.1675 


54.9998 




195.1719 


3859515 


239772.406 


3031.2635 


65.0652 


Me 

1 « 


195.3682 


3867.285 


240496.792 


3037.3607 


55.1105 


54 


195.5646 


3875.062 


241222.640 


3043.4740 


65.1659 


Ma 


195.7609 


3882.847 


241948.941 


3049.6885 


55.2213 


% 

99 f 


195.9573 


3890.640 


242678.707 


8055.7091 


55.2767 


Me 


196.1536 


3898.441 


243408.935 


3061.8359 


65.332] 


Ay 


196.3500 


3906.25 


244140.625 


3067.9687 


65.3875 


Me 


196.5463 


3914.066 


244873.779 


3074.1578 


65.4429 




196.7427 


3921.890 


245608.399 


3080.2529 


65.4983 


^Me 

Ay 


196.9390 


3929.722 


246344.485 


3086.4042 


65.6536 




197.1354 


3937.562 


247082.047 


3092.5615 


65.6090 


^Me 


197.3317 


3945.410 


247821.072 


8098. 7251 


56.6644 


^m f 


197.5281 


3953.265 


248561.574 


3104-8948 


55.7198 


% 


197.7244 


3961.128 


249309.650 


3111-0707 


65.7752 



TGUPLETON 3 













e. 




63 in. 


mjms 


3969 


360047 


3117.2526 


~S5;i06 




Ht 


198.1171 


3976,878 


250791.935 


3124.1407 


65.8850 




a 


196.3135 


3984.765 


251638.328 


3129.6349 


55.9414 




M> 


198.5098 


3992.660 


25-2286.210 


3135.8353 


65.9967 




u 


198.7063 


4000.662 


253035.678 


3143.0417 


56.6621 




«< 


198.9025 


4008.472 


363786.921 


3148,7544 


56.1076 




X 


199.09S9 


4016,390 


254538.754 


3154.4733 


56,1629 




?ii 


199.2963 


4024.316 


255292.371 


3160.7981 


66.2183 




V4 


199.«16 


40E.25 


2560*7,875 


3166.9291 


56.3737 




M< 


199.6B79 


4040.191 


256804,665 


3173,1663 


56,3291 




K 


199,8843 


4048.140 


2,57562.945 


3179.4096 


56.3845 




>M. 


200.0806 


4066.097 


2583-22.715 


3185.6591 


56.4398 




« 


300.S770 


4064.063 


259083.984 


3191.9146 


56.4963 




<Mi 


200.4733 


4072,035 


259856.739 


3193.1764 


66.5506 




S 


200.6697 


4080,015 


260610,996 


3-204.4442 


66.6060 




"Ml 


200.6660 


4088.003 


261376,749 


321t'.71S3 


36.6614 




6* in. 


201,0624 


4096 


2631« 


3216.9984 


56.7168 




«. 


201.3587 


4104.003 


263913.749 


3223.2847 


66.7721 




54 


201.4551 


4112.015 


263683.000 


3229,5770 






«. 


201.6514 


4120.035 


364454.153 


3235.8746 






^ 


201.847S 


4128.062 


265228,015 


3'242.1782 


56-9383 




«. 


202.0441 


4I3S.097 


266103.777 


3-248.4936 


56.9937 




X 


202.2405 


4)41.140 


266779.0S1 


3264.8080 


57,0491 




% 


202.4363 


4162.191 


267557.633 


3261.1311 


67.1043 




K 


202.6333 


4160.23 




3267.4603 


67.1599 




M< 


202.8295 


4168,316 


269054!927 


3273.7957 


57.3153 




4i 


203.0259 


4176.390 


269899.242 


3-380.1372 


57/2707 




'M. 


203.2223 


4184.473 


270683.071 


3286,4875 


57.3261 




% 


203.4106 


4192.562 


271468,432 


3-292,8385 


57.3815 




■ii 


203.6149 


4200.650 


273248.153 


3-299.1985 


57.4368 




n 


203.8113 


4208.766 


273043.668 


3305.5645 


57.4922 




■M. 


204.0076 


4218.878 


273814.092 


3311,9367 


87.5476 




S5i„. 


204.2040 


422a 


374635 


33ia3151 


67.6030 




!4 


204.4003 


4233.128 


375417.949 


3324.7496 


67.6584 




K 


204.5917 


4241.266 


276313.432 


3331.0900 


57.7138 




?^ 


204.7930 


4249.410 


277198.383 


3337.9857 


57.7691 




U 


204.9894 


4357.562 


277805.953 


3343.8875 


57.8245 




^ 


20S.1BS7 


4265,72-2 


278606.007 


3350,2976 


67.8799 




.'5 


206.3831 


4273,890 


279405.608 


3356.7137 


57.9353 




M« 


205.5784 


4283.066 


280207.720 


3363.1350 


67.9907 




^ 


20S.7748 


4290.26 


2810n,3r5 


3369.6623 


58.0461 




!ii 


205.9711 


4298.441 


281816.564 


3375,9959 


58.1015 




+4 


306.1675 


4306.640 


283623,389 


3382.4355 


68.1669 




'> 


206.3638 


4314,847 


283431,551 


3.S88.8813 


58.3122 




% 


206.5603 


4333.063 


284341.359 


3396,3332 


68.2676 




Hit 


206.7565 


4331.275 


2850,'(7.243 


3401,7913 


58.3330 




% 


206.9529 


4339.516 


285866.590 


3408,2555 


68J784 




% 


207.1493 


4347.753 


286879^143 


3414,7369 


58.4338 









TEMPLET0N*8 




27 


DU.«r 










Side of 


Boot. 


Clronm. 


Pqaare. 


Cube. 


Area. 


— square. 


66 tn. 


207.3456 


4356 


287.496 


3421.2024 


68.4892 


Ms 


207.5419 


4364.253 


288313.523 


3427.6850 


58.5446 


% 


207.7383 


4372.515 


239132.594 


3434.1737 


68.5990 


Ms 


207.9346 


4380.785 


289953.213 


3440.6676 


58.6653 


)^ 


208.1310 


4389.062 


290775.390 


3447.1676 


68.7108 


Ms 


208.3273 


4397.347 


291592.211 


3453.6758 


58.7661 


% 


208.5237 


4405.640 


292424.395 


3468.1901 


68.8215 


Ms 


208.7200 


4413.941 


293251.231 


3470.7096 


68.8769 


Vd 


208.9164 


4422.25 


294079.625 


3473.2351 


68.9323 


Ms 


209.1127 


4430.566 


294899.576 


3479.7669 


58.9877 


% 


209.3091 


4438.890 


295741.086 


3486.3047 


69.0431 


% 


209,5054 


4447.222 


296574.157 


3492.8487 


59.0984 


% 


209.7018 


4455.562 


297408.797 


3499.3987 


59.1539 


% 


209.8981 


4463.900 


298744.325 


3506.4.550 


59.2092 


% 


210.0945 


4472.265 


299082.762 


3512.5174 


59.2646 


% 


210.2908 


4480.628 


299922.097 


3519.0860 


59.3200 


67 tn. 


2L0.4872 


4489 


300763 


3525.6606 


69.3754 


Ms 


210.6835 


4497.378 


301605.472 


3532.2414 


59.4308 


J6 


210.8799 


4505.765 


302449.516 


3538.8283 


69.4862 


Ms 


211.0762 


4514.160 


303295.131 


3545.4200 


69.5416 


% 

^ / 


211.2726 


4522.562 


304142.328 


3552.0185 


59.6969 


Ms 


211.4689 


4530.972 


304986.093 


3558.6249 


59M'23 




211.6653 


4539.390 


305841.442 


3565.2374 


69.7077 


Ms 


211.8616 


4547.816 


306893.366 


3571.8550 


69.7631 




212.0580 


4556.25 


307546.875 


3578.4787 


59.8185 


Ms 


212.2543 


4564.691 


308402.462 


3585.1086 


69.8739 


% 


212.4507 


4573.140 


309258.633 


3591.7446 


69.9293 


"/fe 


212.6470 


4581.597 


310045.532 


3598.8868 


69.9847 


% 


212.8434 


4690.062 


310976.734 


3605.0350 


60.0401 


^Ms 


213.0397 


4598.535 


311839.161 


3611.6895 


60.0954 


% 


213.2361 


4607.015 


312701.184 


3618.3500 


60.1508 


% 


213.4324 


4615.503 


313565.796 


3625.0168 


60.2062 


68 tn. 

Ms 
% 

Ms 

1/ 


213.6288 


4624 


314432 


3631.6896 


60.2616 


213.8251 


4632.503 


315299.796 


3638.3686 


60.3169 


214.0215 


4641.015 


316169.187 


3645.0536 


60.3723 


214.2178 


4649.535 


317040.174 


3651.7439 


60.4277 


'4 
Ms 


214.4142 


4658.062 


317912.766 


3668.4402 


60.4831 


214.6105 


4666.597 


31878«.948 


3665.1448 


60.6385 


Ms 

Ms 

% 

% 

% 

% 

■r/ 


214.8069 


4675.140 


319662.738 


3671.8554 


60.6939 


215.0032 


4683.691 


320780.130 


3678.5762 


60.6493 


215.1996 


4692.25 


321419.125 


3686.2931 


60.7047 


215.3959 


4700.816 


322459.724 


3692.0212 


60.7601 


215.5923 


4709.390 


323181.930 


3698.7554 


60.8156 


215.7886 


4717.972 


324065.743 


3703 9957 


60.8708 


215.9850 


4726.562 


324951.172 


3712.2421 


60.9262 


216.1813 


4735.160 


325837.204 


3718.9948 


60.9816 




216.3777 


4748.765 


326726.977 


3725.7535 


61.0371 


216.5748 


4752.378 


327617.120 


3732.5184 


61.0924 



2d 



TEUPLETON S 



DUuor 










Bide or 


Root. 


Circum. 


Square. 


Cube. 


Area. 


= square. 
61.1478 


69 in. 


216.7704 


4761 


328509 


3739.2894 


Ma 


216.9667 


4769.628 


329402.495 


3745.8166 


61.2032 


% 


217.1631 


4778.265 


330297.609 


3752.8498 


61.2586 


*A6 


217.3594 


4786.910 


331194.243 


3759.6382 


61.3139 


%. 


217.5558 


4795.562 


332092.703 


3766.43-27 


61.3693 


'Aa 


217.7521 


4804.222 


332715.428 


3773.2355 


61.4247 


% 


217.9405 


4812.890 


333894.285 


3780.0443 


61.4801 


^Ab 


218.1448 


4821.566 


334797.517 


3786.86-28 


61.5355 


^ 


218.3412 


4830.25 


835702.375 


3793.6703 


61.5909 


*Ab 


218.5375 


4838.941 


836508.861 


3800.5191 


61.6463 


% 


210.7339 


4847.640 


337516.977 


3807.3369 


61.7017 


% 


218.9302 


4856.347 


338426.718 


3814.2781 


61.7571 


% 


219.1266 


4865.062 


339338.109 


3021.0200 


61.8125 


"/^ 


219.3229 


4873.785 


340241.122 


88-27.8708 


61.8678 


% 


219.5193 


4882.515 


341165.778 


3834.7-277 


61.9233 


% 


219.7156 


4891.253 


341982.069 


3841.5908 


61.9786 


70 in. 


219.9120 


4900 


343000 


3848.4600 


62.0341 


Ha 


220.1083 


4908.753 


343919.570 


3855.8353 


62.0893 


% 


220.3047 


4917.515 


344840.781 


3062.2167 


62.1448 


Ms 


220.5010 


4926.285 


345759.635 


3869. 1033 


6-2.2001 


34 


220.6974 


4935.062 


346008.141 


3875.9960 


62.-2555 


Ms 


220.8937 


4943.047 


347.^14.284. 


3882.8969 


6-2.3109 


9£ 


221.0901 


4952.640 


348542.082 


3889.8039 


62.3663 


^ 


221.2864 


4961.441 


349471.528 


3896.7211 


62.4217 


H 


221.4828 


4970.25 


350402.625 


3903.6343 


6-2.4771 


Me 


221.6791 


4979.066 


351335.372 


3910.5508 


62.53-25 


% 


221.8755 


4987.890 


3522.59.774 


3917.4093 


62.5879 


"/is 


222.0718 


4996.722 


353205.828 


3924.4260 


62.6432 


% 


222.2682 


5005.562 


354143.547 


3931.3607 


62.6986 


% 


222.4645 


5014.410 


355102.915 


3938.3177 


62.7541 


% 


222.6609 


5023.265 


356023.949 


3945.2728 


62.8094 


% 


2-22.8572 


5032.128 


356966.643 


3952.2341 


62.8648 


71 in. 


223.0536 


5041 


357911 


3959.2014 


62.9202 


Ms 


223.2499 


5049.878 


358857.019 


3966.1749 


62.9756 


% 


223.4463 


5058.765 


359804.703 


3973.1545 


63.0301 


Ms 


223.6426 


5067.660 


360754.053 


3980.1393 


63.0863 


^ 


22a8390 


5076.562 


361705.078 


3907.1301 


63.1417 


Ms 


224.0353 


5085.472 


362657.764 


3994.1292 


63.1971 


9£ 


224.2317 


5094.390 


363612.129 


4001.1344 


63.2525 


Ms 


224.4380 


5103.316 


364568.165 


4008.1447 


63.3079 


^ 


224.6244 


5112.25 


365525.875 


4015.1611 


63.3633 


Ms 


224.8207 


5121.191 


366485.259 


40 >2. 1837 


63.4187 


% 


225.0171 


5130.140 


367446.3-20 


4029.2124 


63.4741 


% 


225.2134 


5139.097 


368409.059 


4036.2473 


63.5295 


% 


225.4098 


5148.062 


369373.484 


4043.2882 


63.5849 


% 


225.6061 


5157.035 


370339.583 


4050.3354 


63.6402 


^8 


225.8025 


5166.015 


371307.371 


4057.3886 


6^6956 


% 


225.9988 


5175.003 


372-276.843 


4064.4481 


63.7511 



MATHEMATICAL TABLES. 



29 



DlA.or 










Side of 


Root 


dromn* 


Cqnaze. 


Cube. 


Area. 


— square. 


72 in. 


226.1952 


5184 


373248 


4071.5136 


63.8064 


M« 


226.3915 


5193.003 


374220.843 


4078.5853 


63.8617 


% 


226.5879 


5202.015 


375195.375 


4085.6631 


63.9171 


Ms 


226.7842 


5211.035 


376161.596 


4092.7460 


63.9725 


)i 


226.9606 


5220.062 


377149.515 


4099.8350 


64.0279 


Ms 


227.1769 


5229.097 


378129.140 


4106.9323 


64.0833 


% 


227.3733 


5238.140 


379110.425 


4114.0356 


64.1367 


Ms 


227.5696 


5247.191 


380093.427 


4121.1442 


64.1941 


% 


227.7660 


5256.25 


381078.125 


4128.2587 


64.2496 


Ms 


227.9623 


5265.316 


382063.521 


4135.3795 


64.3049 


% 


228.1587 


5274.390 


383052.617 


4142.5064 


64.3603 


% 


228.3550 


5283.472 


384192.414 


4149.6394 


64.4167 


9i 


228.5514 


5292.562 


385033.921 


4156.7785 


64.4711 


% 


228.7477 


5301.650 


386026.397 


4163.9239 


64.5264 


% 


228.9441 


5310.765 


387022.043 


4171.0763 


64.5818 


»^ 


229.1404 


5319.878 


388747.938 


4178.2329 


64.6372 


73 tn. 


229.3868 


5329 


389017 


4185.3966 


64.6926 


Ms 


229.5331 


5338.128 


390017.042 


4192.5665 


64.7470 


^ 

^ M 


229.7295 


5347,265 


a91018.797 


4199.7424 


64.8034 


Mb 


229.9258 


5356.410 


392013.264 


4206.9230 


64.8587 


ii 


230.1222 


5365.562 


393027.453 


4214.1107 


64.9141 


Ms 


230.3185 


6374.722 


394034.350 


4221.3027 


64.9695 


)( 


230.5149 


5383.890 


395042.972 


4228.5077 


65.0249 


Mb 


230.7112 


5393.066 


396053.313 


4235.7109 


65.0803 


H 

^ft ^ 


230.9076 


5402.25 


397065.375 


4242.9271 


65.1357 


Mb 


231.1039 


5411.441 


398079.157 


4260.1461 


66.1911 


% 


231.8003 


5420.640 


399094.664 


4257.3711 


66.2465 


% 


231.4966 


5429.847 


400111.865 


4264.6023 


66.3018 


?4 


231.6930 


5439.062 


401130.859 


4271.8396 


65.3572 


^Ms 


231.8893 


5448.275 


402150.805 


4279.0831 


65.4126 




282.0657 


5457.515 


40317^964 


4286.3327 


65.4660 


% 


232.2820 


5466.753 


4041^116 


4293.5886 


65.5234 


74 m. 
Mb 

Mb 

Mb 


232.4784 


5476 


405224 


4300.8504 


65.5788 


282.6747 


5485.253 


406251.616 


4308.1185 


65.6341 


232.8711 


5494.515 


407280.968 


4315.3928 


66.6895 


233.0674 


5503.785 


408312.057 


4322.1719 


65.7449 


233.2638 


5513.062 


409344.890 


4329.9572 


66.8003 


233.4601 


5522.347 


410379.456 


4337.2508 


65.8557 


Mb 

Mb 

% 
% 

% 


288.6565 


5531.640 


411415.769 


4344.5505 


65.9111 


238.8528 


5540.941 


412453.775 


4351.8551 


65.9665 


234.0492 


5550.25 


413493.625 


4359.1663 


66.0219 


284.2455 


5,'i59.566 


414535.169 


4366.4835 


66.0773 


284.4419 


5568.890 


41557&461 


4373.8067 


66.1327 


234.6382 


5578.222 


416613.500 


4381.1361 


66.1880 


234.8346 


5587.562 


417670.296 


4388.4715 


66.2434 


235.0309 


5596.900 


418719.087 


4396.3132 


66.2988 


285.2273 


5606.265 


419769.136 


4403.1610 


66.3642 


235.4236 


5615.628 


420821.190 


4410.5150 


66.4096 



M T 



30 



TEMPLETON S 



Dia.or 










Bide of 


Root 


Cinsmn. 


Squara. 


Cube. 


Ana. 


— square. 


75 in. 


236.6200 


5625 


421875 


4417.8750 


66.4650 


Ms 


235.8163 


5634.378 


422930.566 


4425.2412 


66.6204 


% 


236.0127 


5643.765 


423987.890- 


4432.6135 


66.6758 


•Ah 


236.2090 


5653.160 


424046.975 


4439.9910 


66.6311 


!<» 


236.4054 


5662.562 


426107.828 


4447.3745 


66.6865 


^ 


236.6017 


6671.972 


427170.436 


4464.7663 


66.7419 


% 


236.7981 


5681.390 


428234.816 


4462.1642 


66.7973 


%i 


236.9944 


5690.816 


429300.962 


4469.5672 


66.8527 


% 


237.1908 


6700.25 


4303G8.875 


4476.9763 


66.9081 


Ms 


237.3871 


5709.691 


431438.541 


4484.3916 


66.9635 


% 


237.5835 


5719.140 


432510.007 


4491.8130 


67.0189 


% 


237.7798 


5728.597 


433683.230 


4499.2406 


67.0743 


% 


237.9762 


5738.062 


434658.234 


4506.6742 


67.1297 


% 


238.1725 


£747.525 


436734.246 


4514.1141 


67.1850 


% 


238.3689 


6757.015 


436813.658 


4521.5600 


67.2404 


% 


238.5652 


5766.603 


436893.889 


4528.9622 


67.2968 


76 in. 


238.7616 


5776 


438976 


4536.4704 


67.3612 


Ms 


238.9579 


5786.603 


440069.990 


4543.9333 


67.4066 


H 


239.1543 


6795.016 


441145.664 


4561.4023 


67.4610 


Ms 


239.3506 


6804.536 


442233.017 


4658.8794 


67.6173 


H 


239.5470 


5814.062 


443322.266 


4566.3626 


67.5727 


Ms 


239.7433 


5823.597 


444413.291 


4673.8526 


67.6281 


9^ 


239.9397 


5833.140 


446606.113 


4681.3486 


67.6835 


Ms 


240.1360 


5842:691 


446600.724 


4588.8493 


67.7389 


% 


240.3324 


6862.25 


447697.126 


4596.3671 


67.7943 


Ms 


240.5287 


5861.816 


448796.318 


4603.8706 


67.8497 


% 


240.7251 


5871.390 


449896.304 


4611.3902 


67.9651 


% 


240.9214 


5880.972 


450097.086 


4618.9159 


67.9605 


% 


241.1178 


5890.662 


462100.671 


4626.4477 


68.0159 


% 


241.3141 


5900.150 


463205.279 


4633.9858 


68.0712 


% 


241.5105 


5909.765 


454313.230 


4641.5299 


68.1266 


Mr IIP 


241.7068 


5919.378 


455422.214 


4649.0802 


68.1821 


77 m. 

Ms 

1^ 


241.9032 


5929 


456633 


4666.6366 


68.2374 


242.0995 


5938.628 


467645.589 


4664.1992 


68.2928 




242.2959 


6948.265 


458759.984 


4671.7678 


68.3482 


Ms 
1/ 


242.4922 


6967.910 


459820.610 


4679.3416 


68.4035 


)4 


242.6886 


6967.662 


460994.203 


4686.9215 


68.4589 


Ms 

Iky 


242.8849 


6977.222 


462114.022 


4694.6097 


68.5143 


9^ 


243.0813 


5986.890 


463235.660 


4702.1039 


6SMS7 


Ms 

1y 


243.2776 


5996.666 


464369.110 


4709.7033 


68.6251 




243.4740 


6006.25 


465484.375 


4717.3087 


68.6805 


Ms 

Ml 


243.6703 


6015.941 


466611.474 


4724.9204 


68.7369 


^Ms 

&y 


243.8667 


6026.640 


467740.351 


4732.5381 


68.7913 


244.0630 


6035.347 


468871.166 


4740.1620 


68.8467 


54 


244.2594 


6046.062 


470003.609 


4747.7920 


68.9021 


"/is 


244.4557 


6064.775 


471027.187 


4755.8782 


68.9574 


IK/ 


244.6521 


6064.515 


472274.152 


476a0705 


69.0128 


">^ 244.8484 


6074.253 


473413.963 


4771.1690 


69.0682 
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31 



Dia.or 










Bide of 


Root 




Sqaare. 


Cube. 


Ana. 


— sqiuwB. 


78 m. 


245.0448 


6084 


474652 


4778.3736 


69.1236 


16b 


245.2411 


6093.753 


475693.663 


4786.0344 


69.1790 


H 


245.4375 


6103.515 


476837.166 


4793.7012 


69.2343 


M< 


245.6338 


6113.285 


477982.478 


4801.3732 


69.2897 


i4 


245.8302 


6123.062 


479129.640 


4809.0512 


69.3461 


9iB 


246.0265 


6132.847 


480277.6-27 


4817.1375 


69.4006 


%i 


246.2229 


6142.640 


481429.467 


4824.4299 


69.4569 


^ 


246.4192 


6152.441 


482582.114 


4832.1276 


69.5113 


% 


246.6156 


6162.25 


483736.625 


4839.8311 


69.5667 


%i 


246.8119 


6172.066 


484762.966 


4847.6409 


69.6221 


% 


247.0083 


6181.890 


486061.148 


4866.2568 


69.6775 


% 


247.2046 


6191.722 


487211.272 


4862.9789 


69.7329 


% 


247.4010 


6201.562 


488373.047 


4870.7071 


69.7883 


% 


247.5973 


6211.400 


489736.071 


4878.4415 


69.8437 


y% 


247.7937 


6221.265 


490702.324 


4886.1820 


69.6991 


% 


247.9900 


6231.128 


491769.737 


4893.9287 


69.9544 


79 in. 


24ai864 


6241 


493039. 


4901.6814 


70.0098 


M> 


248.3827 


6250.878 


494210.113 


4909.4403 


70.0662 


H 


248.5791 


6260.765 


496383.078 


4917.2053 


70.1206 


Ms 


248.7754 


6270.660 


496657.896 


4924.9765 


70.1760 


24 


248.9718 


6280.562 


497734.578 


4932.7617 


70.2314 


^ 


249.1681 


6290.472 


498913.108 


4940.6362 


70.2867 


96 


249.3645 


6300.390 


500093.504 


4948.3-268 


70.3421 


% 


249.5608 


6310.316 


501275.757 


4956.1225 


70.3975 


% 


249.7572 


6320.25 


602469.875 


4963.9243 


70.4629 


%i 


249.9535 


6330.191 


503645.863 


4971.7319 


70.5083 


% 


230.1499 


6340.140 


604833.695 


4979.6466 


70.6637 


% 


250.3462 


6350.097 


606023.401 


4987.3663 


70.6191 


?4 


250.5426 


6360.062 


507214.992 


4995.1930 


70.6745 


H4b 


250.7389 


6370.025 


608407.621 


6003.0316 


70.7298 


% 


250.9353 


6380.015 


509603.746 


6010.8642 


70.7863 


% 


251.1316 


6390.003 


510800.936 


6018.7091 


70.8406 


80 tn. 


251.3280 


6400 


512000 


5026.5600 


70.8960 


Ms 


251.5243 


6410.008 


613200.937 


6034.4171 


70.9513 


>6 


251.7207 


6420.015 


514403.760 


6042.2803 


71.0068 


Ms 


251.9170 


6430.035 


616608.439 


5060.1486 


71.0622 


)4 252.1134 


6440.062 


516815.016 


5068.0230 


71.1176 


%» 252.3097 


6450.097 


618033.463 


6066.9027 


71.1729 


96 


252.5061 


6460.140 


519233.801 


6073.7944 


71.2283 




252.7024 


6470.191 


620446.020 


6081.6883 


71.2837 




252.8988 


6480.25 


621660.125 


5089.6883 


71.3391 


Ms 


253.0951 


6490.316 


622876.114 


6097.4941 


71.3946 




253.2915 


6600.390 


624093.992 


6106.4060 


71.4499 




253.4878 


6510.472 


626313.768 


6113.8-248 


71.6053 




253.6842 


6520.562 


526636.422 


5121.2497 


71.5607 


% 


253.8805 


6530.660 


627768.969 


61-29.1856 


71.6161 




254.0769 


6640.765 


528984.418 


5137.1173 


71.6715 


^ 


254.2732 


6550.878 


530210.761 


5145.0603 71.7268 1 



32 



TEMFLETON S 



Dia.«r 










BMeof 


Boot. 


CItoiiib. 


Sqnaie. 


Cube. 


Aim. 


— aquam. 


81 <n. 


254.4696 


6561 


531441 


5158.0094 


71.7822 


Ms 


254.6659 


6571.128 


532672.136 


5160.9647 


71.8376 


% 


254.8623 


6581.265 


533903.172 


5168.9260 


71.8930 


*Ab 


255.0586 


6591.410 


535140.107 


5176.8925 


71.9484 


^ 


255.2550 


6601.562 


536376.953 


5184.8651 


72.0037 


'M 


255.4518 


6611.722 


537615.694 


5192.8460 


72.0591 


% 


255.6477 


6621.890 


538856.347 


5200.8329 


72.1145 


Vi» 


255.8440 


6632.066 


540098.907 


5208.8250 


72.1699 


)6 


256.0404 


6642.25 


541343.375 


5216.8231 


72.2253 


94s 


256.2367 


6652.441 


542589.751 


5224.8271 


72.2807 


% 


256.4331 


6662.640 


543838.039 


5232.8371 


72.3361 


'Ms 


256.6294 


6672.847 


545088.238 


5240.8568 


72.3915 


% 


256.8258 


6683.062 


546340.359 


5248.8772 


72.4469 


»Ab 


257.0221 


6693.285 


547594.387 


5256.9061 


72.5023 


% 


267.2106 


6703.515 


548850.339 


5264.9411 


72.5577 


% 


257.4148 


67ia763 


550108.211 


5272.9828 


72.6130 


82 in. 


257.6112 


6724 


551368 


5281.0296 


72.6684 


Ms 


257.8075 


6734.253 


552629.710 


5289.0781 


72.7237 


K 


258.0039 


6744.515 


553863.343 


5297.1426 


72.7792 


Ms 


258.2002 


6754.785 


555158.900 


5305.2073 


7;2.8346 


% 


258.3966 


6765.062 


556426.390 


5313.2780 


72.8801 


Ms 


258.5929 


6775.347 


557695.799 


5321.3570 


72.9453 


X 


258.7893 


6785.640 


558967.144 


5329.4421 


73.0007 


Ms 


^.9856 


6795.941 


559140.118 


5337.5324 


73.0561 


^ 


259.1820 


6806.25 


561515.625 


5345.6287 


73.1115 


Ms 


259.3783 


6816.566 


563292.769 


5353.7809 


73.1669 


% 


259.5747 


6826.890 


564071.836 


5361.8391 


73.2224 


mi 


269.7710 


6837.222 


565352.844 


5369.9543 


73.2777 


% 


259.9674 


6847.562 


566636.797 


5378.0765 


73.3330 


^*Ab 


260.1637 


6857.910 


567900.480 


5386.2026 


78.3885 


Vb 


260.3601 


6868.265 


569207.511 


5394.3358 


73.4438 


^Aa 


260.5564 


6878.628 


570496.284 


5402.4552 


73.4993 


83 m. 


260.7528 


6889 


571787 


5410.6206 


73.5546 


Ms 


260.9491 


6899.378 


573079.659 


5418.7722 


73.6101 


% 


261.1455 


6909.765 


574374.265 


5426.9299 


73.6653 


Ms 


261.3418 


6920.160 


575670.818 


5435.0928 


78.7208 


% 


261.5382 


6930.562 


576969.328 


5443.2617 


73.7761 


Ms 


261.7345 


6940.972 


578269.769 


5451.4389 


73.8315 


% 


261.9309 


6951.390 


579572.191 


5459.6222 


73.8869 


Ms 


262.1272 


6961.816 


580876.556 


5467.8t06 


73.9423 


H 


,262.3236 


6972.25 


582182.875 


5476.0051 


73.9977 


Ms 


262.5199 


6982.691 


583491.150 


5484.2054 


74.0531 


56 


262.7163 


6993.140 


584801.382 


5492.4118 


74.1085 


'Ms 


262.9126 


7003.697 


586113.574 


5600.6252 


74.1639 


fi 


263.1090 


7014.062 


587427.734 


5508.8446 


74.2193 


% 


263.3053 


7024.635 


589067.048 


5617.0699 


74.2747 


% 


263.5017 


7035.015 


590061.933 


5625.3012 


74.3301 


% 


26^6980 


7045.503 


591381.983 


5633.5388 


74.3854 
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Dia.or 










Side of 


Root. 


Circum. 


Square. 


Cube. 


Area. 


= square. 


84 t». 


263.8944 


7056 


592704 


5541.7824 


74.4408 


34 


264.0907 


7065.503 


593943.922 


5550.0322 


74.4962 


% 


264.2871 


7077.015 


595353.937 


5558.2881 


74.5516 


•As 


264.4834 


7087.535 


596794.862 


5566.5491 


74.6070 


'A 


264.6798 


7098.062 


598011.765 


5574.8162 


74.66-24 


«/^ 


264.8761 


7108.597 


599343.635 


5583.0916 


74.7177 


% 


265.0725 


7119.140 


600677.488 


5591.3730 


74.7731 


^6 


265.2688 


7129.691 


602012.317 


5599.6596 


74.8385 


% 


265.4652 


7140.25 


603351.125 


5607.9523 


74.88?9 


%i 


265.6615 


7150.816 


604690.912 


5616.2508 


74.9393 


% 


265.8579 


7161.390 


606032.679 


5624.5554 


74.9947 


% 


266.0542 


7171.972 


607376.429 


5632.8662 


76.0601 


% 


266.2506 


7182.562 


608722.172 


5641.1845 


75.1055 


% 


266.4469 


7193.160 


609969.891 


5649.5071 


75.1608 


% 


266.6433 


7203.765 


611419.605 


5657.8357 


75.2162 


".4tf 


266.8396 


7214.378 


612771.408 


5666.1723 


75.2716 


85 tn- 


267.0360 


7225 


614125 


5674.5150 


75.3269 


Ms 


267.2323 


7235.628 


615480.693 


5682.8630 


75.3824 


^ 


267.4287 


7246.265 


616838.359 


5691.2170 


75.4378 


Mb 


267.6250 


7256.910 


618198.029 


5699.5762 


75.4931 


54 


267.8214 


7267.562 


619559.703 


5707.9415 


75.5486 


Ms 


268.0177 


7278.222 


620923.365 


5716.3151 


75.6039 


^ 


268.2141 


7288.890 


622289.035 


5724.6947 


75.6593 


Ms 


268.4104 


7299.566 


623656.713 


5733.0795 


75.7147 


% 


268.6068 


7310.25 


625026.375 


5741.4703 


75.7701 


Me 


268.8031 


7320.941 


626398.048 


5749.8670 


76.8255 


'/6 


268.9997 


7331.640 


627771.726 


5758.2697 


75.8809 


% 


269.1958 


7342.347 


629147.409 


5766.6794 


75.9363 


?4 


269.3922 


7353.062 


630525.109 


5775.0952 


75.9917 


"y^B 


269.5885 


7363.785 


631904.808 


5783.5168 


76.0471 


% 


269.7849 


7374.515 


633286.5-27 


5791.9445 


76.1025 


% 


269.9812 


7385.253 


634670.257 


5800.3784 


76.1578 


86 tVi. 


270.1776 


7396 


636056 


5808.8184 


76.2132 


Ms 


270.3739 


7406.753 


637443.757 


5817.2651 


76.2686 


% 


270.5703 


7417.515 


638833.531 


6825.7168 


76.3240 


•M 


270.7666 


7428.285 


640325.320 


5834.1742 


76.3794 


\k 


270.9630 


7439.062 


641619.140 


5842.6376 


76.4347 


Ms 


271.1593 


7449.847 


643014.971 


5851.1093 


76.4901 


% 


271.3557 


7460.640 


644412.832 


5859.5871 


76.5455 


Me 


271.5520 


7471.441 


645812.722 


5868.0701 


76.6009 


y^ 


271.7484 


7482.25 


647214.625 


5876.5591 


76.6563 


Me 


271.9447 


7493.066 


648078.560 


5885.0540 


76.7117 


% 


272.1411 


7503.890 


650024.523 


5893.5549 


76.7671 


% 


272.3374 


7514.722 


651432.515 


5902.0620 


76.8225 


5i 


272.6338 


7525.562 


652842.547 


5910.5767 


76.8779 


^Me 


272.7301 


7536.410 


654254.601 


5919.0965 


76.9333 


% 


272.9266 


7547.265 


655668.699 


5927.6224 


76.9887 


l«/i6 


273.1228 


7558.128 


656984.831 


5936.1546 


77.0441 



d2 



■tt' 



•e?^' 




>!»■ 
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cvrl . 
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^^^B fW * 


bMl* 


i^tn. 2SIfl44 >^ 


^ 


hi i»u»7 7h-.A' 




• ^ as428r; ~ 




, «^ Jttlfit "1.-.: 




*4 afio -'. 




1 ^ 3MJr,': - 




• % . 3B(ir2 - 




Ttb aaaw -:♦ 




s asiiBL -^ 




*i,.2KjK:: -.~ 




% 


285JS:> - 




% 


266,tec — 




\ 


aw^- - 




% 


m.m -^ 




% 


mc -' 




"i *^ i^ 




aStr %JBt ' 




y* xsz ' 




% i %£s: " 




?»'3s:fii -' 




ii affiv -• 




9^ 


a«jr -■ 




% 


at.. :t 




Ji a^~ " 




ii ^ 




)^ te 




^ *tt: 




% 3£j 




11^ 




"-^ fo 




1» ^^ 




%«t. 




»4 r-- 




i i: 




> Z: 




!i5: 




i i. 




v:l 










leof 
quare. 

.7580 

.8134 

i.8688 

>.9242 

).9796 

0.0349 

.0.0903 

]0.1457 

a0.2011 

:i0.2665 

80.8119 

H0.3673 

80.4227 

M0.4781 

80.5335 

80.5888 

80.6442 
80.6996 
80.7550 
80.8104 
80.8658 
80.9211 
80.9765 
81.0319 
81.0873 
81.1427 
81.1981 
81.2535 
81.3089 
81.3643 
81.4197 
81.4750 

81.5304 
81.5858 
81.6412 
81.6966 
81.7519 
81.8073 
81.8627 
81.9181 
81.9735 
82.0289 
82.0843 



34 



TEMPLETON S 



Dia. or 










Bide of 


Boot. 


Cizonm. 


Sqnara. 


Cube. 


Area. 


. Bquare. 


87 tn. 


273.3192 


7569 


658503 


5944.6926 


77.0994 


Ms 


273.5155 


7579.878 


659913.206 


5953.2369 


77.1548 


% 


273.7119 


7590.765 


661345.453 


5961.7878 


77.2102 


Ms 


273.9082 


7601.660 


662769.740 


5970.3429 


77.2665 


% 


274.1046 


7612.562 


664196.078 


5978.9045 


77.3210 


'Am 


274.3009 


7623.472 


665618.451 


5987.4749 


77.3763 


% 


274.4973 


7634.390 


667054.878 


5996.0504 


77.4317 


^Ab 


274.6936 


7645.316 


668487.353 


6004.6315 


77.4871 


^ 


274.8900 


7656.25 


669921.875 


6013.2187 


77.5425 


^ 


275.0863 


7667.191 


671368.487 


6021.8117 


77.5979 


% 


275.2827 


7678.140 


672797.070 


6030.4108 


77.6533 


% 


275.4790 


7689.097 


674237.746 


6039.0169 


77.7086 


% 275.6754 


7700.062 


675680.484 


6047.6290 


77.7640 


1*4 275.8717 


7711.035 


677125.269 


6056.2470 


77.8194 


Yb 


276.0681 


7722.015 


678572.121 


6064.8710 


77.8748 


% 


276.2644 


7733.003 


680021.030 


6073.5013 


77.9302 


88 tn. 


276.4608 


7744 


681472 


6082.1376 


77.9856 


Me 


276.6671 


7755.003 


682925.031 


6090.7801 


78.0409 


Va 


276.8535 


7766.015 


684380.125 


6099.4287 


78.0964 


Ms 


277.0498 


7777.035 


685837.283 


6108.0824 


78.1518 


'4 


277.2462 7788.062 


687296.516 


6116.7422 


78.2071 


Ms 


277.4425 7799.097 


688757.807 


6125.4103 


78.2625 


9^ 


277.6389 


7810.140 


690221.175 


6134.0844 


78.3179 


^iB 


277.8352 


7821.191 


691686.614 


6144.2637 


78.3733 


Va 


278.0316 


7832.25 


693154.125 


6151.4491 


78.4287 


Ms 


278.2279 


7843.316 


694623.708 


6160.1403 


78.4841 


% 


278.4243 


7854.390 


696095.367 


6169.8376 


78.5395 


% 


278.6206 


7865.472 


697569.001 


6177.5418 


78.5949 


% 


278.8170 


7876.562 


699044.922 


6186.2521 


78.6503 


">l6 


279.0133 


7887.660 


700522.883 


6194.9683 


78.7057 


% 


279.2097 


7898.765 


702002.793 


6203.6905 


78.7610 


W/is 


279.4060 


7909.878 


703484.744 


6212.4189 


78.8164 


89 m. 


279.6024 


7921 


704969. 


6221.1534 


78.8718 


Mb 


279.7987 


7932.128 


706455.230 


6229.8941 


78.9272 


% 


279.9951 


7943.265 


707948.547 


6238.6408 


78.9826 


Ms 


280.1914 


7954.410 


709434.951 


6247.3927 


79.0379 


i4 


280.3878 


7965.562 


710926.453 


6256.1507 


79.0934 


Ms 


280.5841 


7976.722 


712421.027 


6264.9170 


79.1487 


% 


280.7805 


7987.890 


713907.722 


6273.6893 


79.2041 


Ms 


280.9768 


7999.066 


715405.501 


6-282.4668 


79.2595 


V^ 


281.1732 


8010.25 


716917.375 


6291.2503 


79.3149 


Ms 


281.3695 


8021.441 


718420.345 


6300.0397 


79.3703 


% 


281.5659 


8032.640 


719925.414 


6308.8351 


79.4258 


»M« 


281.7622 


8043.847 


721432.542 


6317.6375 


79.4811 


% 


281.9586 


8055.062 


723051.859 


6:^26.4460 


79.5364 


^Ms 


282.1549 


8066.2}^ 


724253.230 


6335.2603 


79.5919 


% 


282.3513 


8077.515 


725966.714 


6344.0807 


79.6473 


"/ic 


282.5476 


8088.753 


727482.304 


6352.9073 


79.7026 
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Dia.or 
Root. 



90 in. 
Ms 

8j 



% 

% 
% 

% 

% 

% 

91 tn. 

'A 

% 

•"As 
Ms 

% 
% 
% 
% 

% 

92 m. 

Ms 

% 

Me 

i4 

Me 

9^ 

Me 



% 

iMe 



Giroam. 



282.7440 
282.9403 
283.1367 
283.3330 
283.5294 
283.7257 
283.9221 
284.1184 
284.3148 
284.5111 
284.7075 
284.9038 
285.1002 
285.2965 
285.4929 
285.6892 

285.8856 
286.0819 
286.2783 
286.4746 
286.6710 
286.8673 
287.0637 
287.2600 
287.4564 
287.6527 
287.8491 
288.0454 
288.2418 
288.4381 
288.6345 
288.8388 

289.0272 
289.2235 
289.4199 
289.6162 
289.8125 
290.0089 
290.2053 
290.4016 
290.5980 
290.7943 
290.9907 
291.1870 
291.3834 
291.5797 
291.7761 
291.9724 



Square. 



8100 

8111.253 

8122.515 

8133.785 

8145.062 

8156.347 

8167.640 

8178.941 

8190.25 

8201.566 

8212.890 

8224.222 

8235.562 

8246.910 

8258.265 

8269.628 

8281 

8292.378 

8303.765 

8315.160 

8326.562 

8337.972 

8349.390 

8360.816 

8372.25 

8383.691 

8395.140 

8406.597 

8418.062 

8429.535 

8441.015 

8452.503 

8464 

8475.503 

8487.015 

8498.535 

8510.062 

8521.597 

8533.140 

8544.691 

8556.25 

8567.816 

8579.390 

8590.972 

8602.562 

8614.160 

8625.765 

8637.378 



Cube. 



729000 

730519.804 

732041.718 

733565.644 

735091.890 

736619.742 

738150.519 

739683.013 

741217.625 

742754.357 

744293.210 

745824.187 

747377.297 

748522.523 

750469.886 

752019.378 

753571 

755124.753 

756680.640 

758238.661 

759798.828 

761361.123 

762925.566 

764492.149 

766060.875 

767631.744 

769204.757 

770779.917 

772357.234 

773935.773 

775518.308 

777102.077 

778688 

780276.077 

781866.312 

783448.704 

785053.265 

786649.978 

788248.863 

789849.911 

791453.125 

793057.505 

794666.054 

796275.773 

797887.672 

799501.734 

801117.980 

802736.411 



Area. 



6361.7400 
6370.5789 
6379.4238 
6388.7739 
6397.1300 
6405.9944 
6414.8649 
6423.7906 
6432.6223 
6441.5101 
6450.4039 
6459.3043 
6468.2107 
6477.1232 
6486.0418 
6494.9566 

6503.8974 
6512.8344 
6521.7775 
6530.7258 
6539.6801 
6548.6427 
6557.6114 
6566.5857 
6573.5651 
6584.5511 
6593.5431 
6602.5443 
6611.5462 
6620.5569 
6629.5736 
6638.5967 

6647.6258 
6(>56.6609 
6665.7021 
6674.7485 
6683.8010 
6692.8618 
6701.9286 
6711.5001 
6720.0787 
6729.6628 
6738.2530 
6747.3497 
6756.4525 
6765.5614 
6774.6763 
6783.7975 



Side of 
= square. 

79.7580 
79.8134 
79.8688 
79.9242 
79.9796 
80.0349 
80.0903 
80.1457 
80.2011 
80.2565 
80.3119 
80.3673 
80.4227 
80.4781 
80.5335 
80.5888 

80.6442 
80.6996 
80.7550 
80.8104 
80.8658 
80.9211 
80.9765 
81.0319 
81.0873 
81.1427 
81.1981 
81.2535 
81.3089 
81.3643 
81.4197 
81.4750 

81.5304 
81.5858 
81.6412 
81.6966 
81.7519 
81.8073 
81.8627 
81.9181 
81.9735 
82.0289 
82.0843 
82.1397 
82.1950 
82.2505 
82.3059 
82.3612 
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TEMPLETON 8 



Dia.or 










Bide of 


Root. 


Ciroum. 


Sqaaiv. 


Cube. 


Area. 


sac square. 


93 in. 


292.1688 


8649 


804357 


6792.9248 


82.416^ 


}4b 


292.3651 


8660.628 


805979.777 


6802.0581 


82.4720 


% 


292.5615 


8672.265 


807604.734 


6811.1974 


82.5274 


^ 


292.7578 


8683.910 


809231.872 


6820.3420 


82.5828 


^ 


292.9542 


8695.562 


810861.203 


6829.4927 


82.6382 


^ 


293.1505 


8707.222 


812492.708 


6838.6517 


82.6935 


% 


293.3469 


8718.890 


814126.410 


6847.8167 


82.7489 


%i 


293.5432 


8730.566 


815762.298 


6856.9869 


82.8043 


^ 


293.7396 


8742.25 


817400.375 


6866.1631 


82.8597 


^6 


293.9359 


8753.941 


819040.642 


6875.3454 


82.9151 


% 


294.1323 


8765.640 


820683.101 


6884.5338 


82.9705 


% 


294.3286 


8777.347 


822328.353 


6893.7337 


83.02^9 


% 


294.5350 


8789.062 


823974.610 


6902.9296 


83.0813 


^Aa 


294.7213 


8800.785 


8-25623.652 


6912.1366 


83.1367 


% 


294.9177 


8812.515 


827274,902 


6921.3497 


83.1921 


% 


295.1140 


8824.253 


828928.351 


6930.5691 


83.2476 


94 in. 


295.3104 


8836 


830584 


6939.7946 


83.3028 


Ms 


295.5067 


8847.753 


832041.851 


6949.5261 


83.3582 


Vb 


295.7031 


8859.515 


833901.906 


6958.2636 


83.4136 


•As 


295.8994 


8871.285 


835564.165 


6968.0064 


83.4690 


^ 


296.0958 


8883.062 


837228.640 


6976.7552 


83.5*244 


'A9 


296.2921 


8894.847 


838885.214 


6986.0123 


83.5797 


% 


296.4885 


8906.640 


840564.207 


6995.2755 


83.6351 


%l 


296.6848 


8918.441 


842235.209 


7004.5439 


83.6905 


% 


296.8812 


8930.25 


843908.625 


7013.8183 


83.7469 


%i 


297.0775 


8942.066 


845621.988 


7023.0988 


83.8013 


% 


297.2739 


8953.890 


847261.898 


7032.3853 


83.8567 


^}4b 


297.4702 


8965.722 


848831.858 


7041.6784 


83.9121 


% 


297.6666 


8977.562 


850624.047 


7050.9775 


83.9676 


1^6 


297.8629 


8989.410 


852206.445 


7060.2827 


84.0229 


Yb 


298.0593 


9001.265 


853995.074 


7069.5940 


84.0783 


«/^ 


298.2556 


9013.128 


856491.925 


7075.9116 


84.1336 


95 in. 


298.4520 


9025 


857375 


7088.2362 


84.1890 


^ 


298.6483 


9036.878 


859068.300 


7097.5738 


84.2444 


JS 


298.8447 


9048.765- 


860763.828 


7106.9005 


84.2998 


*^ 


299.0100 


9060.660 


862461.583 


7116.7415 


84.3662 


% 


299.2374 


9072..562 


864161.578 


7125.5886 


84.4106 


%i 


299.4337 


9084.472 


865863.794 


7134.9443 


84.4660 


% 


299.6301 


9096.390 


867568.253 


7144.3052 


84.6213 


^ 


299.8*264 


9108.316 


869274.947 


7153.6717 


84.5767 


^ 


300.0228 


9120.25 


870983.875 


7163.0443 


84.6321 


Ms 


300.2191 


9132.191 


872695.140 


7172.4230 


84.6875 


^ 


300.4155 


9144.140 


874408.445 


7181.8077 


84.7429 


"^ 


300.6118 


9156.097 


876124.009 


7191.1989 


84.7983 


5i 


300.8082 


9168.062 


877841.984 


7200.5962 


84.8637 


^'As 


301.0045 


9180.035 


879566.903 


7209.9096 


84.9091 


^a 


S01.20«9 


9192.015 


881284.495 


7219.4090 


84.9645 


% 


301.3972 


9204.003 


883009.124 


7228.8248 


85.0199 
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8t 



Dfa.or 










Side of 


Root. 


Ciroimi* 


Square. 


Cubeu 


Arau 


= square. 


96in. 


301.5936 


9216 


884736 


723a2466 


85.0752 


^ 


301.7899 


9228.003 


886465.124 


7247.6741 


85.1306 


% 


301.9863 


9248.015 


888965.499 


7267.1083 


85.1860 


Ms 


302.1826 


9252.035 


889930.126 


7266.5474 


85.2414 


^ 


302.3790 


9264.062 


891666.015 


7276.9926 


85.2967 


Ms 


302.5753 


9276.097 


893401.160 


7285.4461 


85.3521 


% 


302.7717 


9288.140 


894944.550 


7294.9066 


85.4075 


Ms 


302.9680 


9300.191 


896887.208 


7304.3703 


85.4629 


^ 


30ai644 


9312.25 


898632.125 


7313.8411 


85.5183 


Ms 


303.3607 


9324.316 


900379.302 


7323.3179 


85.5737 


% 


303.5671 


9336.390 


902128.742 


7332.8008 


85.6291 


Hit 


303.7534 


9348.472 


903786.444 


7342.2902 


85.6845 


% 


303.9498 


9360.562 


905634.422 


7351.7857 


85.7399 


>M6 


304.1461 


9372.660 


907397.655 


7361.2873 


85.7952 


3% 


304.3425 


9384.765 


909149.167 


7370.7949 


85.8606 


"Ma 


3045388 


9396.878 


910909.948 


7380.3088 


85^060 


97 in. 


304.7352 


9409 ' 


912673 


7389.8288 


85.9614 


Ms 


304.9315 


9421.128 


914438.324 


7399.3548 


86.0167 


^ 


305.1279 


9433.265 


916205.921 


7408.8868 


86.0722 


Ms 


805.3242 


9445.410 


916974.794 


7418.6241 


86.1276 


^ 


305.5206 


9457.562 


M9747.953 


7427.9675 


86.1830 


Ms 


305.7169 


9469.722 


921522.380 


7437.5192 


86.2383 


9^ 


305.9133 


9481.890 


923299.097 


7447.0769 


86.2937 


Ms 


306.1096 


9494.066 


924078.095 


7456.6398 


86.3491 


H 


306.3060 


9506.25 


926859.375 


7466.2087 


86.4045 


Ms 


306.5023 


9518.441 


928642.939 


7475.7837 


86.4599 


% 


306.6987 


9530.640 


930428.788 


7485.3648 


86.5153 


'Ms 


306.8950 


9542.847 


932215.924 


7494.9524 


86.6570 


% 


307.0914 


9555.062 


934007.359 


7504.5460 


86.6626 


H^ 


307.2877 


9567.285 


935800.073 


7614.1457 


86.6814 


Ys 


307.4841 


9579.515 


937595.089 


7523.7515 


86.7368 


% 


307.6804 


9591.753 


939392.397 


7633.3636 


86.7922 


98 m. 


807.8763 


9604 


941192 


7642.9818 


86.8476 


Ms 


308.0731 


9616.253 


942993.898 


7552.6060 


86.9030 


^ 


808.2695 


9628.515 


944789.093 


7562.2362 


86.9584 


Ms 


308.4658 


9640.785 


946604.587 


7575.8717 


87.0138 


)4 


308.6622 


9653.062 


948413.390 


7581.5132 


87.0692 


Ms 


308.8585 


9665.347 


950224.485 


7591.1630 


87.1245 


9i( 


309.0549 


9677.640 


952037.894 


7600.8189 


87.1799 


Ms 


309.2512 


9689.941 


953852.606 


7610.4800 


87.2353 


% 


309.4476 


9702.25 


955671.625 


7620.1471 


87.2907 


Ms 


309.6439 


9714.566 


957591.730 


7629.8203 


87.3461 


% 


309.8403 


9726.890 


959314.585 


7639.4996 


87.4015 


'Ms 


310.0366 


9739.222 


961139.530 


7649.1853 


87.4569 


% 


310.2330 


9751.562 


962966.797 


7658.8771 


87.5123 


% 


310.4293 


9763.910 


964956.366 


7668.5750 


87.5677 


9^8 


310.6257 


9776.265 


966628.261 


7678.2790 


87.6231 


% 


310.8220 


9768.628 


968362.471 


7687.9893 


87.6785 
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99 in. 


311.0181 


9801 


970299 


7697.7066 


87.7338 




%, 


311.2147 


9813.378 


972137.847 


7707.4279 


87.7892 




% 


311.4111 


9825.765 


973979.015 


7717.1563 


87.8446 




»< 


311.6074 


9838.160 


976821.504 


7726.8900 


87.9001 




U 


311.803S 


9850.562 


977668.338 


7736.6297 


37.9564 




.«. 


312.0001 


9862.972 


979516.476 


7746.3777 


88.0107 




X^. 


312.1966 


9875.390 


981366.941 


7756.1318 


88.0661 




% 


3I2.S928 


9887-816 


983218.743 


7765.8910 


88.1216 




w 


312.S892 


9900.25 


985074.875 


7775.6563 


8&1769 




»1 


312.7855 


9912.691 


986932.337 


7785.4277 


8a2823 




M 


312.9819 


9926.140 


988792.132 


7795.2051 


88.2877 




'M. 


313.0782 


9937.597 


990654.210 


7804.9890 


88.3431 




16 


313.3746 


9960.062 


992618.734 


7BU.7790 


88.3986 




Hii 


S13.6709 


9962.635 




7824.5751 


88.4639 




;& 


SI3.7673 


9975,015 


996254.683 


7834.3772 


88.6093 




% 


3 3.9636 


9987.603 


998132.170 


7844.1866 


88.5646 




100 jn. 


3 4.1600 


10000 


lOOOOOO 


7854.0000 


B8.620O 




ii 


3 4.9454 


10050.062 


1007518.765 


7893.3190 


88.8416 




H 


3 6.730B 


10100.25 


1015076.126 


7932.7360 


89,0631 




S 


3 6.6162 


10150.562 


1022669.171 


7972.2120 


89.3847 




IDlin. 


3 7.3016 


10201 


1030301 


8011.8652 


89.6062 




ii 


3 8.0870 


10261.662 


1037970.703 


8051.5772 


89.7278 




14 


3 8.8724 


10302.25 


1045678.37 


8091.3870 


89.9493 




K 


319.6578 


0353.062 


1053424.109 


8131.2953 


90.1709 




IDS in. 


320.4432 


0404 


1061208 


8171.3016 


90.3924 




1^ 


331.M86 


0455.062 


1069030.140 


8211.4060 


90.6140 




U 


322.0140 


0506.25 


1076890.625 


8251.6084 


90.8366 




K 


322.7994 


0557.562 


1084789.546 




91.0671 




103 in. 


323.5848 


0609 


1092727 


8332130B5 


91.3786 




^ 


334.3702 


0560.562 


1100703,078 


8372.8056 


91.5002 




¥, 


32S,lS56 


0712.25 


1108717.876 


8413.4008 


91.7217 




%. 


325.9410 


0764.059 


1116771.173 


8464.0944 


91.9433 




104 in. 


326.7264 


0816 


1124864 


8494.8864 


92.1648 




% 


327.5118 


0868.062 


!132995.626 


8535.7760 


92.3864 




% 


328.2972 


0920.25 


1141166.125 


8576,7640 


92.6079 




K 


329.0626 


1 032.562 


1155660.921 


8617.8504 


92.8295 




105 in. 


329.8680 


1 025 


1157625 


8659.0348 


93.0610 




K 


330.6534 


1 077.662 


1165913.463 


8700.3176 


93.2726 




K 


331.4388 


I 130.25 


1174241.376 


8741.6980 


9^4941 




M 


332.2242 


I 183.062 


1182608859 


8783.1772 


93.7167 




106 in. 


333.0096 


1 236 


1191016 


8824.7644 


93.9372 




14 


334.5804 


342.25 


1207949.626 


8908.20'28 


S4.3803 




107 in. 


336.1512 


449 


1225043 


8992.0444 


94.8234 






337.7320 


666.25 


1242296.875 


9076.2784 


96.2665 




108 in. 


339.2928 


664 


1259712 


9160.9056 


96.7096 




14 


340.8636 


772.25 


1277389.125 


9346.924B 


96.1627 




109 in. 


342,4344 


1881 


1295029 


9331.3372 


96.6968 




14 


8W.0052 


1990.25 


1312932.376 


9417.1420 


97.0389 




110 in. 


345.6760 


2100 


1331000 


9503.3400 


97.4820 





A TABLE 

COKTAUtmO 

THE CIRCUMFERENCES & AREAS OF CIRCLES, 

From I to BO Feet, advancing bp an Inch t 

ALSO, 

THE SIDE OF A SQUARE OF EQUAL AREA, 

▲ITD THJB 

Qmteni qf each in Imperial GaUons and Vubio Yardtt at 1 Foot 

in depth. 
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T£MPL£TON 8 



Dia.in 

feet& 
inches. 

1 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

2 ft. 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

3/f. 

2 
3 

4 

6 

6 

7 

8 

9 

10 

11 

^ft. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 



Ciroam. in 
feet and 
inches. 



3 1^ 
3 4^ 
3 8 

3 11 

4 2J6 
4 5X 
4 8H 
4 11% 



5 
B 
5 

6 



2% 
6% 
9 

254 



6 3X 
6 6H 



6 

7 
7 
7 



9% 
0% 

3^8 

7 



7 10i4 

8 \% 
8 4% 
8 7% 

8 105^ 

9 1% 
9 5 

9 854 
9 11X 
2% 
6% 

m 

11% 

1 3 
1 



65g 

9X 

6% 

3% 
6% 
9% 
1 

456 
754 

3 105^ 

4 1% 
4 4% 
4 7% 
4 11 

6 256 
6 554 



in feet 



.7854 

.9217 

1.0690 

1.2271 

1.3962 

1.6761 

1.7671 

1.9689 

2.1816 

2.4052 

2.6398 

2.8852 

3.1416 

3.4087 

3.6869 

3.9760 

4.2760 

4.5869 

4.9087 

5.2413 

5.5850 

5.9395 

6.3049 

6.6813 

7.0686 

7.4666 

7.8757 

8.2957 

8.7265 

9.1683 

9.6211 

10.0846 

10.5591 

11.0446 

11.5409 

12.0481 

12.5664 

13.0952 

13.6353 

14.1862 

14.7479 

15.3206 

15.9043 

16.4986 

17.1041 

17.7205 

18.3476 

18.9858 



Side of - 
square in 
ft. and in. 



10% 
1156 
OX 
154 
256 
3 

3% 
4% 
5% 
6% 
7% 
8X 
954 

1056 

11 

11% 
054 



2 
2 
2 
2 
2 
2 
2 
2 



1% 
256 
39^ 
454 
554 
656 
7 
2 7% 
2 8% 
2 9% 
2 1054 

2 llX 

3 054 
3 156 
3 2 
3 3 
3 3% 
3 4% 
3 6% 
3 656 
3 7X 
3 854 
3 956 
3 10 

3 10% 
3 11% 



4 
4 
4 
4 
4 



0% 
1% 
256 

454 



Gallons at 1 


CubioyardB 
at 1 foot 


foot in depth. 


in depth. 


4.8946 


.0291 


5.7440 


.0341 


6.6620 


.0395 


7.6472 


.0454 


8.7011 


.0517 


9.8222 


.0583 


11.0125 


.0654 


12.2701 


.0729 


13.5957 


.0808 


14.9892 


.0890 


16.4512 


.0977 


17.9025 


.1068 


19.5784 


.1163 


21.2430 


.1262 


22.9767 


.1365 


24.7784 


.1472 


27.2480 


.1583 


28.5855 


.1698 


80.6910 


.1818 


32.6637 


.1941 


34.8057 


.2068 


37.0149 


.2199 


39.2921 


.2385 


41.6378 


.2474 


44.0515 


.2618 


46.5318 


.2765 


49.0813 


.2916 


51.6988 


.3072 


54.3835 


.8282 


57.0994 


.3396 


60.9587 


.8566 


62.8472 


.3738 


65.8043 


.8911 


68.8299 


.4090 


71.9228 


.4274 


75.0837 


.4462 


78.8128 


.4654 


81.6092 


.4851 


84.9751 


.5050 


85.8683 


.6254 


91.9089 


.5462 


95.4779 


.5674 


99.1155 


.5898 


102.8192 


.6111 


106.5927 


.6884 


110.4341 


.6563 


114.3421 


.6795 


118.3818 


.7032 
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Dim. in 


CSromn* ixi 




Bide of - 




Cabiovavda 
at 1 foot 


feet 4c 


feet and 


Area in feet 


square in 


GaUonsatl 


Inches. 


inohet. 




ft. and in. 


foot la depth. 


in depth. 


syjp. 


16 8% 


19.6360 


4 656 


122.3663 


.7272 


1 


15 11% 


20.2947 


4 6 


126.4766 


.7516 


2 


16 *2% 


20.9666 


4 6% 


130.6676 


.7764 


3 


16 B% 


21.6476 


4 7% 


134.9072 


.8017 


4 


16 9 


22.3400 


4 8% 


139.2228 


.8276 


$ 


17 056 


23.0437 


4 9% 


143.6083 


.8534 


6 


17 354 


23.7683 


4 1056 


148.0617 


' .8800 


7 


17 6X 


24.4836 


4 11X 


152.6811 


.9071 


8 


17 9% 


26.2199 


6 OH 


157.1704 


.9340 


9 


18 0% 


26.9672 


6 156 


161.8276 


.9617 


10 


18 3^8 


26.7261 


6 2 


166.6608 


.9897 


11 


18 7% 


27.4943 


6 2% 


171.3444 


1.0184 


6/f. 


18 10^ 


28.2744 


6 S% 


176.2060 


1.0472 


1 


19 154 


29.0649 


6 4% 


181.1324 


1.0764 


2 


19 4% 


29.8668 


6 656 


186.1298 


1.1042 


3 


19 7% 


30.6796 


6 6X 


191.1962 


1.1363 


4 


19 10% 


31.6029 


6 7% 


196.3320 


1.1667 


5 


20 1% 


32.3376 


6 854 


201.6279 


1.1976 


6 


20 4% 


33.1831 


6 956 


206.7970 


1.2290 


7 


20 8)6 


34.0391 


6 10 


212.1376 


1.2607 


8 


20 11^ 


34.9066 


6 10^8 


217.6373 


1.2928 


9 


21 2% 


36.7847 


6 11% 


223.0102 


1.3253 


10 


21 6% 


36.6736 


6 0% 


228.4492 


1.3582 


11 


21 8% 


87.6736 


6 156 


234.1686 


1.3926 


7 A 


21 11% 


38.4846 


6 2% 


239.8360 


1.4264 


1 


22 3 


39.4060 


6 3)4 


246.6781 


1.4602 


2 


22 6% 


40.3388 


6 456 


261.3914 


1.4940 


S 


22 954 


41.2826 


6 656 


257.2726 


1.5300 


4 


23 0% 


42.2367 


6 6 


263.2191 


1.6643 


5 


23 2% 


43.2022 


6 6^8 


269.2361 


1.6001 


6 


23 6!ii 


44.1787 


6 7% 


276.3216 


1.6361 


7 


23 11 


46.1666 


6 8% 


281.4720 


1.6728 


8 


24 1% 


46.1638 


6 956 


287.6928 


1.7098 ' 


9 


24 4% 


47.1730 


6 10% 


293.9721 


. 1.7471 


10 


24 754 


48.1926 


6 1154 


300.3362 


1.7849 


11 


24 109^ 


49.2236 


7 


306.7614 


1.8231 


8//. 


26 IH 


60.2666 


7 056 


313.2552 


1.8617 


1 


26 4% 


61.3178 


7 1% 


319.8126 


1.9007 


2 


25 7% 


62.3816 


7 2% 


326.4421 


1.9394 


8 


26 11 


63.4662 


7 3% 


333.1390 


1.9800 


4 


26 256 


64.6412 


7 4% 


339.9007 


2.0201 


5 


26 654 


66.6377 


7 656 


346.7341 


2.0607 


6 


26 8X 


66.7451 


7 6% 


353.6354 


2.1017 


7 


26 1156 


67.8628 


7 7)4 


360.6009 


2.1430 


8 


27 2% 


68.9920 


7 856 


367.6.381 


2.1850 


9 


27 6% 


60.1321 


7 978 


374.3432 


2.2698 


10 


27 9 


61.2826 


7 9% 


381.9031 


2.3128 


11 


28 056 


62.4446 


7 10% 


389.1641 


2.4001 



M T 




.iatr 



_ • • 


4»£:4. 


■" " • 


4.4847 


» r^^ 


4.M£1 


/ - 


4.«0S9 


W • -A ^ 


4,ff«)71 


■-•TSfV 


4;73ir 


lUJ^ 


4.790: 


i^i£;{ . 


^&L 



MATHEMATICAL TABLSS. 



43 



Dla.in 


Oircum. in 




Side of = 




CaWoyaxda 
at 1 foot 


feet 4c 


feet and 


Ana in feet 


square In 


Oallons at 1 


i^^|ia^ 


inobfls. 




ft. and in. 


foot in depth. 


in depth. 


13 A 


40 10 


132.7326 


11 6J4 


827.1895 


4.9160 


1 


41 IH 


134.439] 


U 7% 


837.8244 


4.9792 


2 


41 4% 


136.1574 


11 8^ 


848.5329 


5.0428 


3 


41 7H 


137.8867 


U 8% 


859.3099 


6.1106 


4 


41 \0% 


139.6260 


11 9% 


870.1492 


6.1713 


5 


42 1% 


141.3771 


11 10*4 


881.0620 


5.2361 


6 


42 4% 


143.1391 


11 11*4 


892.0428 


5.3014 


7 


42 8 


144.9111 


12 0^ 


907.0859 


6.8670 


8 


42 11)^8 


146.6949 


12 IX 


914.2026 


5.4331 


9 


43 2% 


148.4896 


12 2J4 


923.3871 


5.4996 


10 


43 S^ 


150.2943 


12 3J6 


936.6340 


6.5653 


11 


43 8% 


152.1109 


12 4 


947.9551 


5.6337 


Uft. 


43 ll!!i 


153.9384 


12 4% 


959.3441 


5.7014 


1 


44 2i^8 


155.7768 


12 5% 


970.7947 


5.7694 


2 


44 6 


157.6260 


12 6% 


982.3190 


6.8369 


3 


44 9% 


159.4852 


12 7% 


993.9117 


6.9069 


4 


45 034 


161.3563 


12 S% 


1005.6662 


6.9761 


5 


45 3^ 


163.2373 


12 9% 


1017.2968 


6.0458 


6 


45 6% 


165.1303 


12 1054 


1029.0920 


6.1159 


7 


45 9% 


167.0331 


12 11J6 


1040.9502 


6.1864 


8 


46 0% 


168.9479 


13 


1062.8733 


6.2573 


9 


46 4 


170.8735 


13 \% 


1064.8846 


6.3286 


10 


46 7% 


172.8091 


13 1% 


1076.9462 


6.4410 


11 


46 11J4 


174.7565 


13 *2% 


1089.0825 


6.4724 


16//. 


47 m 


176.7150 


13 3% 


1101.2878 


6.5450 


1 


47 4% 


178.6832 


13 4% 


llia4537 


6.6178 


2 


47 7% 


180.6634 


13 6J4 


1125.8943 


6.6912 


3 


47 10% 


182.6545 


13 6% 


1138.3028 


6.7649 


4 


48 2^ 


184.6555 


13 756 


1149.7730 


6.8390 


5 


48 5% 


186.6684 


13 8 


116^3174 


6.9126 


6 


48 8^ 


188.6923 


13 8% 


1172.9304 


6.9886 


7 


48 115^ 


190.7260 


13 9%, 


1188.6054 


7.0639 


8 


49 2% 


192.7716 


1310^ 


1201.3626 


7.1396 


9 


49 5% 


194.8282 


13 11% 


1214.1693 


7.2158 


10 


49 8% 


196.8946 


U OX 


1227.0471 


7.2923 


11 


60 


198.9730 


14 1'4 


1236.9997 


7.3698 


16 ft, 


60 3^ 


201.0624 


U 2)6 


1263.0-208 


7.4467 


1 


60 6'4 


203.1615 


14 8 


1266.1023 


7.5245 


2 


60 9<4 


205.2726 


U 3% 


1279.2588 


7.6026 


3 


61 0% 


207.3946 


U 4% 


1292.4831 


7.6812 


4 


61 394 


209.6264 


14 5% 


i;i06.7685 


7.7«02 


5 


61 6% 


211.6703 


14 6*4 


1319.1293 


7.83fKI 


6 


61 10 


213.8251 


U 7y, 


1332.65fW 


7.9194 


7 


62 U 


215.9896 


U 8X 


1346.0471 


7Mm 


8 


62 4>4 


218.1662 


14 9*4 


1359.0138 


8*^*** 


9 


62 7X 


220.3537 


U 10'/, 


1373.2442 




10 


62 10^ 


222.6510 


14 U 


vm.o^n 




U 


63 1% 


224.7603 


14 11% 


l40iU061 


■ 



42 



TSMPLETOKS 



Oia. ic 


Ciroum. in 


feet& 


feet and 


inohes. 
9fL 


inobes. 


28 3J4 


I 


28 69^ 


2 


28 9^ 


3 


29 0% 


4 


29 3% 


5 


29 7 


6 


29 10^ 


7 


30 134 


8 


30 4% 


9 


30 7H 


10 


30 11*^ 


U 


31 1% 


10 /f. 


31 5 


1 


31 S% 


2 


31 11 Ji 


3 


32 2% 


4 


32 5% 


5 


32 8H 


6 


32 11% 


7 


33 2?'s 


8 


33 6% 


9 


33 934 


10 


34 OX 


11 


34 3% 


11/1. 


34 6% 


1 


34 9% 


2 


85 0% 


3 


35 4% 


4 


35 7% 


5 


35 10*^ 


6 


36 1% 


7 


36 4^ 


8 


36 7% 


9 


36 10^8 


10 


37 2% 


11 


87 534 


12/3?. 


37 85g 


1 


37 UH 


2 


38 2% 


3 


$8 5% 


4 


88 8% 


5 


39 


6 


39 3J4 


7 


39 6% 


8 


89 9H» 


, 9 


40 0^ 


10 


40 3% 


11 


40 6% 



Ama In feet. 



63.6174 

64.8006 

65.9951 

67.2007 

68.4166 

69.6440 

70.8823 

72.1309 

73.3910 

74.6620 

75.9433 

77.2362 

78.5400 

79.8540 

81.1795 

82.5160 

83.8627 

85.2211 

86.5903 

87.9697 

89.3608 

90.7627 

92.1749 

93.5986 

95.0334 

96.4783 

97.9847 

99.4021 

iao.8797 

1 )2.3689 

1 ^3.8691 

10^.3794 

106.9013 

108.4342 

109.9772 

111.5319 

113.0976 

114.6732 

116.2607 

117.8590 

119.4674 

121.0876 

122.7187 

124.3598 

126.0127 

127.6765 

129.3504 

131.0360 



Side of - 
square in 
ft. and in. 



7 llf6 

8 0% 
8 1^ 
8 2% 
8 334 
8 4)6 
8 5 

8 5% 
8 6% 
8 7% 
8 S% 
8 S% 
8 10^ 

8 1134 

9 0% 



9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



1 

1% 
2% 
3% 
4ya 
5?g 
654 
734 
8% 

8^8 

9% 



Gallons at 1 
foot in depth. 



9 10% 

9 11% 
OH 

IX 
254 

4 

6 

6% 

654 

7% 

856 

9X 

1034 

1156 

1 

1 0% 
1 1% 
1 2% 
1 3% 
1 456 
1 5% 



396.4636 
403.8373 
41112814 
418.7947 
426.3722 
434.0214 
441.7384 
449.5197 
457.3727 
465.2935 
473.2786 
481.3359 
489.4612 
497.6501 
505.9106 
514.2397 
522.6323 
530.9978 
539.6307 
548.2271 
556.8965 
565.2331 
574.4339 
583.3064 
592.2481 
601.2529 
610.3290 
619.4738 
628^822 
637.9629 
647.3122 
656.7244 
666.2089 
675.7619 
685.3779 
695.0668 
706.8242 
714.6433 
724,5366 
734.4972 
744.5208 
754.5179 
764.7829 
775.0102 
78M111 
795.6799 
806.1116 
816.6163 



Cnbioyuds 
at 1 foot 
in depth. 

2.3562 
2.4000 
2.4443 
2.4889 
2.5339 
2.5795 
. 2.6263 
2.6715 
2.7183 
2.7653 
2.8128 
2.8607 
2.9089 
2.9575 
3.0066 [ 
3.0561 
3.1060 
3.1563 
3.2070 
3.2211 
3.3096 
3.3615 
3.4138 
3.4665 
3.5197 
3.5733 
3.6272 
3.6815 
3.7362 
3.7914 
3.8470 
3.9029 
3.9593 
4.0160 
4.0732 
4.1308 
4.1888 
4.2471 
4.3059 
4.3651 
4.4^1 
4.4847 
4.5451 
4.6059 
4.6671 
4.7287 
4.7907 
4.8531 



MATHEMATICAL TABLES. 



43 



DlA.!ii 


Oiroum. in 




Side of = 




Cubfovaxde 
at 1 foot 


feet 4c 


feet and 


Area in feet. 


square In 


Oallons at 1 


laobes. 


inobfls. 




ft. and in. 


foot in depth. 


in depth.. 


13 A 


40 10 


132.7326 


11 6J4 


827.1895 


4.9160 


1 


41 1^ 


134.439] 


11 7% 


837.8244 


4.9792 


2 


41 4^ 


136.1574 


11 9% 


848.5329 


5.0428 


3 


41 7H 


137.8867 


U 8% 


859.3099 


5.1106 


4 


41 \0% 


139.6260 


11 9% 


870.1492 


6.1713 


5 


42 1% 


141.3771 


11 10% 


881.0620 


6.2361 


6 


42 4% 


143.1391 


11 11% 


8920428 


5.3014 


7 


42 8 


144.9111 


12 0^ 


907.0859 


6.3670 


8 


42 U% 


146.6949 


12 1% 


914.2026 


6.4331 


9 


43 2)4 


148.4896 


12 2% 


923.3871 


6.4996 


10 


43 5^ 


150.2943 


12 3% 


936.6340 


5.5653 


11 


43 8% 


152.1109 


12 4 


947.9551 


5.6337 


UA 


43 11% 


153.9384 


12 4% 


959.3441 


6.7014 


1 


44 2% 


155.7758 


12 5% 


970.7947 


5.7694 


2 


44 6 


157.6250 


12 6H 


982.3190 


6.8369 


3 


44 9>^ 


159.4852 


12 7^ 


993.9117 


5.9069 


4 


45 034 


161.3553 


12 S% 


1005.5662 


6.9761 


5 


45 3^ 


163.2373 


12 9% 


1017.2958 


6.0458 


6 


45 6% 


165.1303 


12 1054 


1029.0920 


6.1159 


7 


45 9% 


167.0331 


12 11% 


1040.9502 


6.1864 


8 


46 0% 


168.9479 


13 


1052.8733 


6.2573 


9 


46 4 


170.8735 


13 \% 


1064.8846 


6.3286 


10 


46 7% 


172.8091 


13 \% 


1076.9462 


6.4410 


11 


46 11^ 


174.7565 


13 2% 


1089.0825 


6.4724 


16//. 


47 IH 


176.7150 


13 3% 


1101.2878 


6.5450 


1 


47 4*^ 


178.6832 


13 4% 


111^4537 


6.6178 


2 


47 7% 


180.6634 


13 554 


1125.8943 


6.6912 


3 


47 10% 


182.6545 


13 6% 


1138.3028 


6.7649 


4 


48 2% 


184.6555 


13 7J6 


1149.7730 


6.8390 


5 


48 5^ 


186.6684 


13 8 


1163.3174 


6.9126 


6 


48 8^ 


188.6923 


13 8% 


1172.9304 


6.9886 


7 


48 115^ 


190.7260 


13 9% 


1188.6054 


7.0639 


8 


49 2% 


192.7716 


13. 10% 


1201.3626 


7.1396 


9 


49 5% 


194.8282 


13 lli^ 


1214.1693 


7.2158 


10 


49 8% 


196.8946 


14 0% 


1227.0471 


7.2923 


11 


50 


198.9730 


14 1}4 


1236.9997 


7.3693 


16//. 


50 3% 


201.0624 


14 2J6 


1253.0208 


7.4467 


1 


50 6'4 


203.1615 


14 3 


1266.1023 


7.5245 


2 


50 9% 


205.2726 


14 3% 


1279.2588 


7.6026 


3 


51 0^ 


207.3946 


14 4% 


1292.4831 


7.6812 


4 


51 3% 


209.5264 


14 5!4 


1306.7685 


7.7602 


5 


51 6^ 


211.6703 


14 6% 


1319.1293 


7.8396 


6 


51 10 


213.8251 


14 7% 


1332.5580 


7.9194 


7 


52 1^ 


215.9896 


14 8« 


1346.0471 


7.9996 


8 


52 4J4 


218.1662 


14 9% 


1359.6138 


8.0602 


9 


52 79g 


220.3537 


U lOVe 


1373.2442 


8.1612 


10 


52 10^ 


222.5510 


14 11 


1386.9378 


8.2426 


11 


53 1% 


224.7603 


14 11% 


1400.7061 


8.3444 



TEVPLETOH I 



DO. In 


Ctreim. In 




suaol- 




Oub..^ 


talk 


taShS? 


Am in (ML 


■qoueln 


0>ll«ntl 








S:«diii. 


rOotlnd^Ml.. 


lod^Xb. 


17 fi. 


63 ih 


226.9806 


6 0% 


1414.6430 


8.4067 




S3 8 


229.2105 


5 1% 


1428.439B 


&4a90 




53 1I» 


231.4626 


5 2% 


1442.4119 


8.6362 




£4 2K 


233.7056 


5 314 


1456.4526 


8.6557 




M 6X 


235.9682 


6 4X 


1470.6538 


H.7396 




U 8» 


238.2430 


5 6U 


1484.6303 


8.8238 




64 lift 


240.6287 


6 6K, 


1198.9748 


8.9081 




S6 2S 


242.8241 


6 7 


1613.2792 


8.9234 




85 6 


245.1316 


5 7h 


1527 .6601 


9.0789 




£5 9^ 


247.4600 


6 8K 


1642.1084 


9.1648 




se OM 


249.7781 


6 9% 


1666.6171 


9.3510 


11 


56 814 


252.1184 


5 1014 


1671.2018 


9.3377 


18 A 


66 6i4 


254.4696 


5 11* 


68S.8646 


9.4248 




56 9f4 


266.8303 


6 O'H 


600.6664 


9.6122 




57 OKi 


259.2033 


6 l2 


616.3549 


9.6000 




BT 1 


261.5872 


6 214 


630.21 U 


9.6884 




67 7% 


263.9807 


6 314 


645.1277 


9.7252 




67 lOii 


366.3864 


6 Bft 


1660.1200 


9.8661 




68 IS 


268.8031 


6 4S 


675.1809 


9.9566 




66 4.% 




6 &% 


690.3009 


10.0461 




68 7f* 




e eii 


706.4977 


10.1368 




5eio« 




s 7\ 


. 720.7617 


10.2264 


10 


69 2 




6 814 


1736.0862 


10.3176 


11 


69 516 




e 9K 


751.4861 


10.4091 


19 A, 


59 an 




6 10 


7S6J652 


10.6011 




S3 llJi 




6 11 


782.4828 


10.5933 




60 214 




6 IIK 


798.0871 


10.6861 




GO 6K 




7 OK 


613.7694 


10.7792 




60 81^ 




7 IS 


829.4914 


10.8727 




60 im 




7 214 


845.3006 


10.9666 




61 314 




7 SK 


861.0762 


1 .0610 




61 6i« 




7 4^ 


877.1120 


1 .1668 




61 9li 




7 614 


893.1239 


1 .2509 




62 014 




7 6 


1909.2043 


1 .3464 


10 


62 8« 


„J 


7 7 


1925.3439 


1 .4424 


11 


62 6« 


311.5469 


17 ir. 


1941.5602 


1 .6384 


29^1. 


62 9ft 


3U.16O0 


7 8H 


1957.8461 


I .6365 




63 116 


316.7B24 


7 m 


1974.1879 


1 .7326 




63 114 


819.4173 


7 lOii 


1990.6086 


1 .8303 




63 7)( 


322.0630 


7 11)4 


2007.0966 


1 .9282 




63 1114 


324.7182 


8 0!4 


2023.6438 


12.0266 




64 1% 


327.38S8 


8 1!4 


2040.2683 


12.1264 




U *% 


3SO.0643 


8 2 


2056.9607 


12.2246 




64 7ft 


332.7622 


8 2ft 


2073.7117 


12.3241 




64 11 


336.4S26 


8 3U 


2090.6399 


12.4241 




66 3i« 


338.1637 


8 4« 


2107.4361 


12.5245 


10 


66 6% 


310.8844 


8 GK 


2124.3915 


12.6263 


11 


65 sa 


843.6174 


8 614 


2141.4236 


12.7266 
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45 



Dia.!n 


Ciroum. in 




Side of = 




Gubicyards 
at 1 foot 


feetdE 


feet and 


Area in feet. 


square in 


Gallons at 1 


inches. 


inches. 




ft. and in. 


foot in depth. 


in depth. 


21 y?. 


65 11^ 


346.3614 


18 7% 


2158.5242 


12.8282 


1 


66 2% 


349.1147 


18 8'4 


2175.6828 


12.9301 


2 


66 BYb 


351.8804 


18 956 


2192.9186 


13.0326 


3 


66 9 


354.6571 


18 10 


2210.2110 


13.1354 


4 


66 0% 


357.4432 


18 10% 


2227.5860 


13.2386 


5 


67 d% 


360.2417 


18 11% 


2245.0362 


13.3422 


6 


67 6H 


363.0511 


19 0% 


2262.5344 


13.4463 


7 


67 9% 


365.8698 


19 1% 


2280.1004 


13.5507 


8 


68 0% 


368.7011 


19 256 


2297.7452 


13.6555 


9 


68 3^8 


371.5432 


19 d% 


2315.4572 


13.7608 


10 


68 7 


374.3947 


19 4J4 


2333.2277 


13.8664 


U 


68 10)4 


377.2587 


19 5)6 


2351.0762 


13.9725 


22 A 


69 IX 


380.1336 


19 5% 


2368.9925 


14.0800 


1 


69 4^ 


383.0177 


19 6% 


2386.9663 


14.1858 


2 


69 7^/6 


385.9144 


19 7% 


2405.0185 


14.2931 


3 


69 1094 


388.8220 


19 8% 


2423.1387 


14.4008 


4 


70 1% 


391.7389 


19 956 


2441.3168 


14.5088 


5 


70 5 


394.6683 


19 10^ 


2458.5728 


14.6173 


6 


70 8J4 


397.6087 


19 11 X 


2477.9074 


14.7262 


7 


70 1156 


400.5583 


20 054 


2496.2793 


14.8354 


8 


71 2H 


403.5204 


20 156 


2514.7391 


14.9452 


9 


71 5% 


406.4935 


20 2 


2533.2674 


15.0558 


10 


71 8% 


409.4759 


20 2% 


2551.8538 


15.1657 


11 


71 11% 


412.4707 


20 Z% 


2570.5174 


15.2766 


23/>. 


72 3 


415.4766 


20 456 


2589.2501 


15.3880 


1 


72 6% 


418.4915 


20 556 


2607.9390 


15:4996 


2 


72 9% 


421.5192 


20 6% 


2626.9076 


15.6118 


3 


73 OH 


424.5577 


20 754 


2645.8435 


15.7243 


4 


73 3% 


427.6055 


20 856 


2664.8374 


15.8372 


5 


73 6% 


430.6658 


20 956 


2683.9092 


15.9505 


6 


73 9% 


433.7371 


20 10 


2703.0496 


16.0643 


7 


74 1 


436.8175 


20 10% 


2722.2466 


16.1784 


8 


74 4J6 


439.9106 


20 11?4 


2741.5228 


16.2929 


9 


74 7% 


443.0146 


21 0% 


2760.3669 


16.4079 


10 


74 10^,6 


446.1278 


21 156 


2780.2684 


16.5232 


11 


76 1% 


449.2536 


21 2% 


2799.7484 


16.6390 


24ft, 


75 4% 


452.3904 


21 354 


2819.2969 


16.7556 


I 


75 7% 


455.5362 


21 456 


2838.9015 


16.8717 


2 


75 11 


458.6948 


21 5 


2858.5859 


16.9886 


3 


76 2% 


461.8642 


21 6 


2878.3376 


17.1060 


4 


76 5^ 


465.0428 


21 6% 


2898.1467 


17.2608 


5 


76 8H 


468.2341 


21 7% 


2918.0349 


17.3420 


6 


76 11 H 


471.4363 


21 8% 


2937.9941 


17.4606 


7 


77 2% 


474.6476 


21 956 


2958.0038 


17.5795 


8 


77 6% 


477.8716 


21 10 X 


2978.0958 


17.6989 


9 


77 9 


481.1065 


21 1154 


2998.2557 


17.8187 


10 


78 0% 


484.3506 


22 056 


3018.4729 


17.9389 


11 


78 334 


487.6073 


22 1 


3038.8686 


18.3019 



E 2 
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XMPLETONS 



Dia.ln 


Ciicimi. in 


feel^Ac 


feet and 


Inches. 


inohea. 


26 ft. 


78 6% 


1 


78 9H 


2 


79 0% 


3 


79 Sy. 


4 


79 7H 


5 


79 11 J6 


6 


80 154 


7 


80 4% 


8 


80 7% 


9 


80 10% 


10 


81 1% 


11 


81 5 


26 ft. 


81 8H 


1 


81 1154 


2 


82 2% 


3 


82 5^ 


4 


82 8</i 


5 


82 11 ^g 


6 


83 3 


7 


83 6% 


8 


83 9H 


9 


84 OX 


10 


84 3H 


11 


84 6% 


27//. 


84 9% 


1 


85 1 


2 


85 4^ 


3 


85 S% 


4 


85 1196 


5 


86 1% 


6 


86 4% 


7 


86 7% 


8 


86 U 


9 


87 2% 


10 


87 5J4 


11 


87 896 


28//. 


87 11% 


1 


88 2% 


2 


88 5% 


3 


88 9 


4 


89 OKe 


5 


89 334 


6 


89 e% 


7 


89 9V6 


8 


90 0% 


9 


90 3H 


10 


90 6% 


11 


90 11J6 



Aim in feet 



I Bideof = 
eqiiarein 
ft and in. 



490.8750 

494.1516 

497.4411 

500.7415 

504.0510 

507.3732 

510.7063 

514.0484 

517.4034 

520.7692 

524.1441 

527.5318 

530.9304 

534.3379 

537.7583 

541.1896 

544.6299 

548.0830 

551.5471 

555.0201 

558.5059 

562.0027 

565.5084 

569.0270 

572.5566 

576.0949 

579.6463 

583.2085 

586.7796 

590.3637 

593.9587 

597.5625 

601.1793 

604.8070 

608.4436 

612.0931 

615.7536 

619.4228 

623.1050 

626.7982 

.630.5002 

634.2152 

637.9411 

641.6758 

645.4235 

649.1821 

652.9495 

656.7300 



22 1^8 

22 2% 

22 3% 

22 4% 

22 6% 

22 6% 

22 7)4 

22 ^% 

22 9 

22 9^8 

22 10^4 

22 11*^ 

23 0% 
23 IH 
23 2% 
23 3J4 
23 4% 
23 5 
23 5^8 
23 6% 
23 7% 
23 8% 
23 9% 
23 10^ 

23 11 )g 

24 0^ 
24 1 
24 1% 
24 294 
24 3*/6 
24 4% 
24 596 
24 6J4 
24 7)6 
24 S% 
24 9 
24 994 
24 1094 

24 llH 

25 0% 
25 196 
25 234 
25 3)6 
25 4 
25 4% 
25 5^8 

25 6% 

26 7% 



OaUons at 1 
foot in depth. 



Cnbicyarda 

at 1 foot 

in depth. 



3059.1330 
3079.6527 
3100.0529 
3120.6210 
3141.2458 
3161.9497 
3182.72)4 
3203.5496 
3224.4579 
3245.4336 
3266.4860 
3287.6381 
3308.7582 
3329.9937 
3351.3097 
3372.6935 
3394.1535 
3415.6532 
3437.2415 
3458.8852 
3480^087 
3502.3008 
3524.2483 
3546.1762 
3568.1727 
3590.2234 
3612.3557 
3634.5553 
3656.8104 
3679.1465 
3701.5506 
3724.0094 
3746.5493 
3769.1572 
3791.8205 
3814.5641 
3837.3764 
3860.2428 
3883.1903 
3905.4063 
3929.2772 
3952.4291 
3975.6489 
3998.9235 
4022.4662 
4045.7028 
4069.1813 
4092.8413 



18.1805 
18.2385 
18.4237 
18.6687 
18.7196 
18.7916 
18.9150 
19.0388 
19.1630 
19.2877 
19.4127 
19.5382 
19.6640 
19.7902 
19.9169 
20.0440 
20.1714 
20.2993 
20.4276 
20.5562 
20.6854 
20.8149 
20.9447 
21.0750 
21.2058 
21.3368 
21.4683 
21.6003 
21.7325 
21.8653 
21.9984 
22.1319 
22.2569 
22.4002 
22.5349 
22.6701 
22.8056 
22.9415 
23.0779 
23.2147 
23.3154 
23.4894 
23.6274 
23.7457 
23.9045 
24.0437 
24.1833 
24.3249 
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Dla.in 


Circum. in 




Side of = 




Cubioyards 

at 1 foot 


feet& 


feet and 


Area in feet. 


square in 


Gallons at 1 


inches. 


inetaes. 




ft. and in. 


foot in depth. 


in depth. 


29//. 


91 IH 


660.5214 


25 B% 


4116.3693 


24.4637 


1 


91 4% 


664.3214 


25 9% 


4140.0509 


24.6044 


2 


91 7% 


668.1346 


25 10 J4 


4163.8148 


24.7457 


d 


91 10^ 


671.9587 


25 11)6 


4187.6466 


24.8873 


4 


92 1% 


676.7915 


26 


4211.5326 


25.0293 


5 


92 4% 


679.6375 


26 0% 


4234.4839 


25.1717 


6 


92 8^ 


683.4943 


26 1% 


4259.5364 


25.2405 


7 


92 11^ 


687.3598 


26 2% 


4283.6263 


25.4577 


8 


93 2% 


691.2385 


26 3% 


4308.7983 


25.6014 


9 


93 5^ 


695.1280 


26 4% 


4332.0376 


25.7454 


10 


93 S% 


699.0263 


26 5% 


4356.3319 


25.8808 


11 


93 11^8 


702.9377 


26 6^ 


4380.7077 


26.0347 


dOjft, 


94 2% 


706.8600 


26 7 


4405.1515 


26.1800 


1 


94 6 


710.7909 


26 8 . 


4429.6488 


26.3255 


2 


94 954 


714.7350 


26 8% 


4454.2285 


26.4716 


3 


96 OX 


718.6900 


26 9% 


4478.8760 


26.6181 


4 


95 3H 


722.6537 


26 10% 


4503.5779 


26.7649 


6 


95 6'^ 


726.6305 


26 llH 


4528.3612 


26.9122 


6 


95 9% 


730.6183 


27 0% 


4553.2132 


27.0599 


7 


96 0% 


734.6147 


27 1% 


4578.1188 


27.2079 


8 


96 4 


738.6242 


27 2%, 


4603.1060 


27.3934 


9 


96 754 


742.6447 


27 3)6 


4628.1617 


27.5153 


10 


96 lOX 


746.6738 


27 4 


4653.2711 


27.6545 


11 


97 1% 


750.7161 


27 4% 


4678.4627 


27.8043 


31//. 


97 4«^ 


754.7694 


27 6% 


4703.7229 


27.9544 


1 


97 7% 


758.8311 


27 6% 


4729.0354 


28.1048 


2 


97 10% 


762.9062 


27 7H 


4754.4314 


28.2557 


3 


98 2 


766.9921 


27 8X 


4779.8947 


28.4070 


4 


98 5^ 


771.0866 


27 9J4 


4805.4116 


28.5587 ' 


5 


98 S% 


775.1944 


27 lOVa 


4831.0115 


28.7109 


6 


98 11^ 


779.3131 


27 11)6 


4856.6792 


28.8634 


7 


99 2% 


783.4403 


28 


4882.3999 


29.0163 


8 


99 5% 


787.5808 


28 0% 


4908.2035 


29.1696 


9 


99 8% 


791.7322 


28 1% 


4934.0750 


29.3234 


10 


100 


795.8922 


28 2% 


4960.0001 


29.4774 


11 


100 3V8 


800.0654 


28 3H 


4986.0075 


29.6320 


32 /f. 


100 6% 


804.2496 


28 4^ 


5012.0835 


29.7870 


1 


100 9H 


808.4422 


28 5^ 


5038.2117 


29.9423 


2 


101 0% 


812.6481 


28 6)6 


5064.4229 


30.0980 


3 


101 3% 


816.8650 


28 7 


5090.7026 


30.2543 


4 


101 6% 


821.0904 


28 8 


5117.0358 


30.4107 


5 


101 10 


825.3291 


28 8% 


5143.4509 


30.5677 


6 


102 1)6 


829.5787 


28 9% 


5169.9344 


30.7251 


7 


102 4% 


833.8368 


28 10% 


5196.4709 


30.8828 


8 


102 7^ 


838.1082 


28 11^ 


5223.0903 


31.0410 


9 


102 10% 


842.3905 


29 Q% 


5249.7775 


31.1996 


10 


103 I9i 


846.6813 


29 1)4 


5277.0178 


31.3585 


11 


103 4% 


850.9855 


39 2)6 


5303.3416 81.5179 
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TEMPIETON S 



Dia.in 
feet & 
inches. 

33 /if. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Uft, 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
35 A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
86//. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



Circum. in 

feet and 

inches. 



103 8 

103 11^ 

104 2^ 
104 5% 

104 8H 

104 n% 

105 2% 
105 6 

105 9% 

106 o;4 

106 3% 

106 6% 

106 9% 

107 0% 
107 4 
107 7^ 

107 1054 

108 1% 
108 A% 
108 7% 

108 10^8 

109 2 
109 5)6 
109 8}^ 

109 11% 

110 2«^ 
110 5% 

110 83^8 

111 
111 356 
111 6J4 

111 9% 

112 0V6 
112 3% 
112 6% 

112 10 

113 1% 
113 4J4 
113 7% 

113 10% 

114 1% 
114 4^8 
114 8 

114 11^ 
116 2% 

115 5% 
115 9J4 

115 ll<y6 



Area in feet. 



855.3006 

859.6240 

863.9609 

868.3087 

872.6649 

877.0346 

881.4151 

885.8040 

890.2064 

894.6196 

899.0413 

903.4763 

907.9224 

912.3767 

916.8445 

921.3232 

925.8103 

930.3108 

934.8223 

939.3421 

943.8753 

948.4195 

952.9720 

957.6380 

962.1150 

966.7001 

971.2989 

975.9085 

980.5264 

985.1579 

989.8003 

994.4509 

999.1151 

1003.7902 

1008.4736 

1013.1705 

1017.8784 

1022.5944 

1027.3240 

1032.0646 

1036.8134 

1041.5768 

1046.3491 

1051.1306 

1055.9257 

1060.7317 

1065.5459 

1070.3738 



Side of = 


square in 


ft. and in. 


29 


2% 


29 


3% 


29 


4% 


29 


5% 


29 


6% 


29 


7H 


29 


s% 


29 


934 


29 


iov« 


29 11 


29 11% 


30 


0% 


30 


\V2 


30 


2% 


30 


3^ 


30 


4% 


30 


534 


30 


6Vb 


20 


7 



30 7% 

30 S% 

30 9% 

30 10^ 

30 11% 

31 034 
31 1% 
31 278 
31 3 
31 3f8 
31 4% 
31 5% 

31 e% 

31 7% 



31 


834 


31 


9V« 


31 lOVg 


31 10% 


31 11% 


32 


0% 


32 


1% 


32 


2% 


32 


3% 


32 


434 


32 


6Vb 


32 


6 


32 


6% 


32 


7% 


32 


8% 



Gallons at 1 
foot in depth. 



5330.2333 
6317.1767 
6384.2043 
5411.2998 
5438.4476 
5465.6796 
5492.9789 
5520.3305 
5547.7662 
6575.2693 
5602.8253 
5630.4643 
5658.1723 
5685.9315 
5713.7749 
5741.6861 
5769.6497 
h797,^9^9 
5825.8115 
5853.9699 
5882.2308 
5910.6503 
5938.9215 
5967.3768 
5989.9006 
6024.4750 
6053.1347 
6081.8617 
6110.6405 
6139.5040 
6168.4354 
6197.4180 
6226.4833 
6256.6205 
6284.8074 
6314.0785 
6343.4181 
6372.8083 
6403.2831 
6431.8265 
6461.4211 
6491.1003 
6520.8475 
6550.6468 
6580.5289 
6610.4799 
6640.4820 
6670.5695 



Cubic yards 
at 1 foot 
in depth. 

31.6778 
31.8379 
31.9948 
32.1595 
32.3579 
32.4827 
32.6450 
32.8075 
32.9706 
33.1340 
33.2978 
33.4613 
33.6267 
33.7917 
33.9572 
34.1231 
34.2892 
34.45.')9 
34.6230 
34.7904 
34.9583 
35.1266 
35.2952 
35.4643 
35.6339 
35.8037 
35.9740 
36.1447 
36.3158 
36.4873 
36.6592 
36.8315 
37.0042 
37.1404 
37.3509 
37.5248 
37.6992 
37.8738 
38.0490 
38.2246 
38.4005 
38.5761 
38.7637 
38.9307 
39.1083 
39.2863 
39.4646 
39.6435 
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Dift.i]i 
feet 4c 

inohes. 

37 /f. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

88 /f. 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
39A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
40A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



Ginniiii* ixi 

feet and 

inohet. 



116 2% 

116 6 

116 9V8 

117 04" 
117 3H 
117 6H 

117 9% 

118 09i 
118 4 

118 7V8 

118 10)^ 

119 15^ 
119 4% 
119 7% 

119 10%i 

120 2 
120 6V« 
120 B% 

120 11% 

121 2H 
121 5% 
121 S% 

121 11% 

122 BVa 
122 6)4 

122 9^ 

123 0% 
123 3% 
123 6% 

123 9% 

124 IVb 
124 4^ 
124 79£ 

124 10V& 

125 1«>6 
125 49i 
125 7% 

125 11 

126 2%. 
126 59^ 
126 8^ 

126 11^ 

127 2% 
127 SYs 

127 9 

128 0^ 
128 S% 
128 6H 



Aivainfeet 



1075.2126 

1080.0594 

1084.9201 

1089.7915 

1094.6711 

1099.5644 

1104.4687 

1109.3810 

1114.3071 

1119.2440 

1124.1891 

1129.1478 

1134.1176 

1139.0953 

1144.0868 

1149.0892 

1154.0997 

1159.1239 

1164.1591 

1169.2023 

1174.2592 

1179.3271 

1184.4030 

1189.4927 

1194.5934 

1199.7195 

1204.8244 

1209.9577 

1215.0990 

1220.2542 

1225.4203 

1230.5943 

1235.7822 

1240.9810 

1246.1878 

1251.4084 

1256.6400 

1261.8794 

1267.1327 

1272.3970 

1277.6692 

1282.9553 

1288.2523 

1293.5572 

1298.8760 

1304.2057 

1309.5433 

1314.8949 



Side of = 
square in 
ft. and in. 



32 


9% 


32 10^ 


32 l\% 


33 


054 


33 


iV8 


33 


2 


33 


2ys 


33 


3% 


33 


4% 


33 


6% 


33 


e% 


33 


7% 


33 


8Vfl 


33 


9% 


33 10 


33 10% 


33 1194 


34 


0% 


34 


IH 


34 


2% 


34 


^% 


34 


4i4 


34 


5V« 


34 


6 


34 


e% 


34 


7% 


34 


8^ 


34 


9V. 


34 10%~ 


34 1U4 


35 


o/« 


35 


IVb 


35 


2 


35 


2% 


35 


3% 


3.5 


4% 


35 


5X 


35 


^% 


35 


754 


35 


8Vfl 


35 


9 


35 10 


35 10% 


35 1194 


36 


0% 


36 


IV. 


36 


2% 


36 


834 



Gallons at 1 
foot in depth. 



6700.7249 

6730.9301 

6762.2220 

6791.5806 

6821.9902 

6852.4853 

6883.0489 

6913.6623 

6944.3618 

6975.1286 

7005.9464 

7036.8490 

7067.8208 

7098.8419 

7129.9489 

7161.1238 

7192.3493 

7223.6601 

7255.0395 

7286.4687 

7317.9833 

7349.5664 

7381.1994 

7412.9185 

7444.7054 

7476:6519 

7478.4626 

7540.4563 

7572.4969 

7604.6239 

7636.8193 

7669.0636 

7701.3946 

7733.7935 

7766.2423 

7798.7771 

7831.3804 

7864.0324 

7896.7709 

7929.5781 

7962.4344 

7995.3774 

8028.2883 

8061.4484 

8094.5952 

8127.8099 

8161.0738 

8194.4250 



CnUojaxds 
at 1 foot 
in depth. 

39.8227 

40.0220 

40.1822 

40.3626 

40.5434 

40.7246 

40.9062 

41.0882 

41.2706 

41.4535 

41.6366 

41.8203 

^.0043 

42.1887 

42.3736 

42.5588 

42.7444 

42.9305 

43.1459 

43.3034 

43.4911 

43.6417 

43.8668 

44.0553 

44.2442 

44.4340 

44.6231 

44.8123 

45.0036 

45.1946 

45.3859 

45.5775 

45.7697 

45.9622 

46.1551 

46.3484 

46.5422 

46.7362 

46.9308 

47.1257 

47.3211 

47.5168 

47.7130 

47.9095 

48.1065 

48.3039 

48.5016 

48.6998 



50 



TEHPLBTON S 



l>ia.in 
feet 4c 
iiiobet. 

41 ft. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

42 A 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
43A 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

Uft. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 



CIrcum. in 

feet and 

inches. 



128 


9% 


129 


0% 


129 


3% 


129 


7 


129 10^ 


130 


1% 


130 


4H 


130 


7% 


130 10^ 


131 


m 


131 


5 


131 


8^ 


131 11^ 


132 


2% 


132 


S>% 


132 


m 


132 11% 


133 


3 


183 


656 


133 


9i4 


134 


OH 


134 


3% 


134 


6% 


134 


9% 


135 


1 


135 


4% 


135 


7% 


135 10^ 


136 


1% 


136 


4% 


138 


7% 


136 11 


137 


2V« 


137 


5J4 


137 


89^ 


137 U% 


138 


2% 


138 


5% 


138 


9 


139 


0J6 


139 


334 


139 


6% 


139 


9«/6 


140 


0% 


140 


3% 


140 


7% 


140 lOVa 


141 


1J4 



Area in feet 



320.2574 

325.6276 

331.0119 

336.4071 

341.8101 

^7.2271 

352.6551 

358.0908 

363.5406 

369.0012 

374.4697 

379.9521 

385.4456 

390.2467 

396.4619 

401.9880 

407.5219 

413.0698 

418.6287 

424.1952 

429.7759 

435.3675 

440.9668 

446.5802 

452.2046 

457.8365 

463.4827 

469.1397 

474.8044 

480.4833 

486.1731 

491.8705 

497.5821 

503.3046 

509.0348 

514.7791 

520.5344 

526.2971 

532.0742 

537.8622 

543.6578 

549.4676 

555.2883 

561.1165 

566.9591 

572.8125 

578.6735 

584.5488 



Side of- 
equate in 
ft. and in. 



36 4H 

36 5 

36 6% 

3& 6^ 

36 7% 

36 %% 

36 9H 

36 10^ 

36 1134 

37 0% 
87 1 
37 1% 
37 2% 
37 346 
37 4% 
37 5% 
37 6X 
37 7% 
37 8% 
37 9 
37 9% 
37 10% 

37 llVs 

38 OH 
38 134 
38 234 
38 334 
38 4.% 
38 5 
38 5% 
38 Q% 
38 7% 
38 8H 
38 99S 
38 1034 
38 \\% 

38 11^8 

39 1 
39 1^8 
39 2% 
39 3% 
39 4H 
39 596 
39 6^ 
39 7% 
39 8 
39 8^8 
39 9% 



Gallons ail 


Cublcjards 
at 1 foot 


foot in depth. 


in depth. 


8-227.8441 


48.8984 


8261.3112 


49.0973 


8294.8661 


49.2967 


8328.4890 


49.4965 


8362.1605 


49.6967 


8395.9192 


49.8973 


8429.7465 


50.0983 


8463.6218 


50.2997 


8497.5850 


50.5015 


8531.6154 


50.7037 


8565.6951 


50.9063 


8599.8614 


51.1093 


8634.0969 


51.3128 


8664.0174 


51.4906 


8702.7505 


51.7208 


8737.1892 


51.9257 


8771.6764 


52.1304 


8806.2609 ' 


52.3355 


8840.8940 


52.5418 


8875.5844 


52.7479 


8910.3634 


52.9546 


8945.2102 


53.1618 


8980.1050 


53.3691 


9015.0878 


53.5770 


9050.1390 


53.7853 


9085.2870 


53.9939 


9120.3741 


54.2030 


9155.6786 


54.4126 


9190.9810 


54.6224 


9226.3719 


54.8323 


9261.7307 


55.6434 


9297.3369 


55.2544 


9332.9316 


55.8363 


9368.5942 


55.6779 


9404.3048 


55.8902 


9440.1033 


56.1029 


9475.9703 


56.3161 


9511.8835 


56.5295 


9547.8864 


56.7435 


958^9572 


56.9578 


9620.0754 


57.1725 


9656.2820 


57.3877 


9692.5566 


57.6033 


9728.8780 


57.8191 


9765.2891 


58.0355 


9801.7675 


58.2523 


9C38.2932 


58.4323 


9874.9081 


58.6499 
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DUuin 


ClKtiin. in 




Side of = 




CnbioTards 
at 1 foot 


feetdc 


feet and 


Aicainfeet 


square in 


Gallons at 1 


inolMiL 


inxibM. 




ft. and in. 


foot in depth. 


in dq^ 


45 ft. 


141 4% 


1590.4350 


39 lOH 


9911.5909 


58.9050 


1 


141 7% 


1596.3286 


39 1196 


9948.3198 


59.1233 


2 


141 1094 


1602.2366 


40 0% 


9985.1384 


59.3421 


8 


142 1% 


1608.1555 


40 1% 


10022.025 


59.5613 


4 


142 5 


1614.0819 


40 254 


10058.958 


59.7808 


5 


142 8)^ 


1620.0226 


40 8^ 


10095.980 


60.0008 


6 


142 11 H 


1625.9743 


40 4 


10133.071 


60.2212 


7 


14$ 2X 


1631.9334 


40 4% 


10170.208 


60.4420 


8 


143 6% 


1637.9068 


40 594 


10207.435 


60.6632 


9 


143 894 


1643.8912 


40 696 


10244.729 


60.8848 


10 


143 lire 


1649.8831 


40 7% 


10277.070 


61.1068 


11 


144 3 


1655i8892 


40 8% 


10319.501 


61.3292 


46 /fc 


144 6% 


1661.9064 


40 9% 


10357.000 


61.5521 


1 


144 93^ 


1667.9308 


40 103^ 


10394.544 


61.7752 


2 


145 09^ 


1673.9698 


40 n% 


10432.179 


61.9989 


8 


145 3^3 


16804)196 


41 


10469.880 


62.2229 


4 


145 e% 


1686.0769 


41 0% 


10507.631 


62.4473 


5 


145 9% 


1692.1485 


41 194 


10546.469 


62.6722 


6 


146 1% 


1698.2311 


41 2% 


10583.376 


62.8974 


7 


146 4>g 


1704.3210 


41 3% 


10621.328 


63.1230 


8 


146 7i4 


1710.4254 


41 4% 


10659.371 


63.3491 


9 


146 10 X 


1716.5407 


41 5% 


10697.481 


63.5756 


10 


147 1% 


1722.6634 


41 6J4 


10735.638 


63.8021 


11 


147 4% 


1728.8005 


41 7% 


10773.884 


64.0296 


47 A 


147 7% 


1734.9486 


41 794 


10812.199 


64.2573 


1 


]47 11 


1741.1039 


41 8% 


10850.559 


64.4853 


2 


148 2% 


1747.2738 


41 9% 


10889.010 


64.7138 


8 


148 5^ 


1753.4545 


41 10% 


10927.528 


64.9427 


4 


148 S% 


1759.6426 


41 11% 


10966.092 


65.1719 


5 


148 11% 


1765.8452 


42 0% 


11004.747 


65.4017 


6 


149 2^;^ 


1772.0587 


42 1J4 


11043.469 


65.6318 


7 


149 5% 


1778.2795 


42 2% 


11082.237 


65.8622 


8 


149 8^8 


1784.5148 


42 B% 


11121.096 


66.0931 


9 


150 0% 


1790.7610 


42 4 


11160.022 


66.3245 


10 


150 3}^ 


1797.0145 


42 4% 


11197.994 


66.5661 


11 


150 6^ 


1803.2826 


42 594 


11238.057 


66.7882 


48A 


150 9% 


1809.5616 


42 6% 


11287.187 


67.0208 


1 


151 0';^ 


1815.8477 


42 7% 


11316.362 


67.2536 


2 


151 394 


1822.1485 


42 896 


11336.629 


67.4870 


8 


151 6% 


1828.4602 


42 9i4 


11394.963 


67.7209 


4 


151 10>6 


1834.7791 


42 lOVe 


11434.343 


67.9548 


5 


152 1^ 


1841.1127 


42 11 


11473.814 


68.1893 


6 


152 496 


1847.4571 


43 


11513.352 


68.4243 


7 


152 7% 


1853.8087 


43 0% 


11552.935 


68.6560 


8 


152 10'4 


1860.1750 


43 1% 


11592.610 


68.8953 


9 


153 194 


1866.5521 


43 2% 


11632.352 


69.1315 


10 


153 4% 


1872.9365 


43 3% 


11672.140 


69.3680 


11 


153 8^ 


1879.3355 


43 4% 


11712.018 


69.6050 





62 



TEMPLET0N8 



Dfauin 
IxiohM. 


Ciroom. in 
feetud 
iadMi. 


Anal&fiwt 


Side of = 
■quarein 
ft. and in. 


Ghdloosatl 
fwt in depth. 


CuMoTaida 
at 1 feet 

in depth. 


49/<. 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 

50 y». 


153 11)4 

154 2X 
154 6% 
154 8V8 

154 11% 

155 2% 
155 6 

155 9)4 

156 OVb 
156 3^ 
156 6% 

156 9^ 

157 0% 


1885.7454 
1892.1724 
1898.5041 
1905.0367 
19] 1.4965 
1917.9609 
1924.4263 
1930.9188 
1937.3159 
1943.9140 
1950.4392 
1956.9691 
1963.5000 


43 5Vb 
43 6% 
43 7 
43 7% 
43 B% 

43 9% 
48 10*/. 

43 ivr, 

44 0% 
44 1)4 
44 27, 
44 3 
44 B% 


11750.964 
11792.018 
11831.477 
11872.188 
11912.446 
11952.732 
11993.824 
12033.485 
12073.352 
12114.472 
12155.137 
12195.831 
12236.532 


69.8424 
70.0804 
70.3150 
70.5569 
70.7961 
71.0356 
71.2750 
71.5155 
71.7524 
71.9968 
72.2385 
72.4803 
72.7222 



TABLE 

OOMTAININO 

THE SQUA.ee & CUBE BOOTS OF ALL KUMfiEES 

Framl to 1000; andihe 

DIFFERENCE EXISTING BETWEEN EACH ROOT» 

BT WHICH 

The process for ohtaiiUng the roots of numbersy consisting of 
integers and decimals, is considerablg faoiHtated. 



Rule. — Multiply the difference between the root of 
the integer part of the given number, and the root of 
the next higher integer number, by the decimal part of 
the given number, and add the product to the root of 
the integer number given, the sum is the root required. 

Example 1. — Required the square root of 53.75. 

Difference by table = .0683 X .75 = .051225, 
and the root of 53 = 7.2801,— hence, 7.2801 + 
.051225 = 7.3313, the root required. 

Example 2. — ^Required the cube root of the number 
734.26. 

Difference by table =s .0041 X .26 = .001066, 
and the root of 734 = 9.0205,— hence, 9.0205 
+ .001066 = 9.0215, the root required. 

M T F 
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TEMPLETON S 



No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2.4 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 



Sqr.Rta 

1.0000 
1.4142 
1.7320 
2.0000 
2.2360 
2.4494 
2.6457 
2.8284 
3.0000 
3.1622 
3.3166 
3.4641 
3.6065 
3.7416 
3.8729 
4.0000 
4.1231 
4.2426 
4.3588 
4.4721 
4.5825 
4.6904 
4.7958 
4.8989 
5.0000 
5.0990 
5.1961 
5.2915 
5.3851 
5.4772 
5.5677 
5.6568 
5.7445 
5.8309 
5.9160 
6.0000 
6.0827 
6.1644 
6.2449 
6.3245 
6.4031 

6.4807 
6.5574 
6.6332 
6.7082 



Diff. 



.4142 
.3178 
.2680 
.2360 
.2134 
.1963 
.1827 
.1716 
.1622 
.1544 
.1475 
.1414 
.1361 
.1313 
.1271 
.1231 
.1195 
.11612 
.1133 
.1104 
.1079 
.1054 
.1031 
.1011 
.0990 
.0971 
.0954 
.0936 
.0921 
.0905 
.0891 
.0877 
.0864 
.0851 
.0840 
.0827 
.0817 
.0805 
.0796 
.0786 
.0776 
.0767 
.0758 
.0750 



C.Rts. 



DIff. 



1.0000 

1.2599 

1.4422 

1.5874 

1.7099 

1.8171 

1.9129 

2.0000 

2.0800 

2.1544 

2.2239 

2.2894 

2.3513 

2.4101 

2.4662 

2.5198 

2.5712 

2.6207 

2.6684 

2.7144 

2.7589 

2.8020 

2.8438 

2.8844 

2.9240 

2.9624 

3.0000 

3.0365 

3.0723 

3.1072 

3.1413 

3.1748 

3.2076 

3.2396 

3.2710 

3.3019 

3.3322 

3.3619 

3.3912 

3.4199 

3.4482 

3.4760 

3.5033 

3.5303 

3.5568 



.2599 

.1823 

.1452 

.1225 

.1072 

.0950 

.0871 

.0800 

.0744 

.0685 

.0655 

.0619 

.0588 

.0551 

.0536 

.0514 

.0595 

.0477 

.0460 

.0445 

.0431 

.0418 

.0406 

.0396 

.0384 

.0376 

.0365 

.0358 

,0349 

.0341 

.0325 

.0327 

.0321 

.0314 

.0309 

.0303 

.0297 

.0293 

.0287 

.0283 

.0278 

.0273 

.0270 

.0265 



No. 



45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

6r 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 



i3qr. Rts. 



6.7082 
6.7823 
6.8556 
6.9282 
7.0000 
7.0710 
7.1414 
7.2111 
7.2801 
7.3484 
7.4161 
7.4833 
7.5498 
7.6157 
7.6811 
7.7459 
7.8102 
7.8740 
7.9372 
8.0000 
8.0622 
8.1240 
8.1853 
8,2462 
8.3066 
8.3666 
8.4261 
8.4852 
8.5440 
8.6023 
8.6602 
8.7177 
8.7749 

8.8317 

8.8881 

8.9442 

9.0000 

9.0553 

9.1104 

9.1651 

9.2195 

9.2736 

9.3273 

9.8808 

9.4339 



Diir 



C. Rts. 



.0741 
.0733 
.0726 
.0718 
.0710 
.0704 
.0697 
.0690 
.0683 
.0677 
.0672 
.0665 
.0659 
.0654 
.0648 
.0643 
.0638 
.0632 
.0628 
.0622 
.0618 
.0613 
.0609 
.0604 
.0600 
.0595 
.0591 
.0588 
.0583 
.0579 
.0565 
.0572 
.0568 
.0564 
.0561 
.0558 
.0553 
.0551 
.0547 
.0544 
.0541 
.0537 
.0535 
.0531 



3.6568 
3.5830 
3.6088 
3.6342 
3.6593 
3.6840 
3.7084 
3.7325 
3.7562 
3.7797 
3.8029 
3.8258 
3.8485 
3.8708 
3.8929 
3.9148 
3.9364 
3.9578 
3.9790 
4.0000 
4.C237 
4.0412 
4.0615 
4.0816 
4.1016 
4.1212 
4.1408 
4.1601 
4.1793 
4.1983 
4.2171 
4.2358 
4.2543 
4.2726 
4.2908 
4.3088 
4.3267 
4.3444 
4.3620 
4.3795 
4.3968 
4.4140 
4.4310 
4.4479 
4.4647 



Diff. 

.0262 
.0258 
.0254 
.0251 
.0247 
.0244 
.0241 
.0237 
.0236 
.0232 
.0229 
.0227 
.0223 
.0221 
.0219 
.0216 
.0214 
.0212 
.0210 
.0207 
.0205 
.0203 
.0201 
.0199 
.0197 
.0196 
.0193 
.0192 
.0190 
.0188 
.0187 
.0185 
.0183 
.0182 
.0180 
.0179 
.0177 
.0176 
.0175 
.0173 
.0172 
•0170 
.0169 
.0168 
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4^ 



No. 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 



Sqr. Rts. 



9.4339 

9.4868 

9.5393 

9.5916 

9.6436 

9.6953 

9.7467 

9.7979 

9.8488 

9.8994 

9.9498 

10.0000 

10.0498 

10.0995 

10.1488 

10.1980 

10.2469 

10.2956 

10.3440 

10.3923 

10.4403 

10.4880 

10.5356 

10.5830 

10.6301 

10.6770 

10.7238 

10.7703 

10.8166 

10.8627 

10.9087 

10.9544 

11,0000 

11.0453 

11.0905 

11.1355 

11.1803 

11.2249 

11.2694 

11.3137 

11.3578 

11.4017 

11.4455 

11.4891 

11.5325 

11.5758 

11.6189 

11.6619 

1 1.7046 



Diff. 



.0529 
.0525 
.0523 
.0520 
.0517 
.0514 
.0512 
.0589 
.0506 
.0504 
.0502 
.0498 
.0497 
.0493 
.0492 
.0489 
.0487 
.0484 
.0483 
.0480 
.0477 
.0476 
.0474 
.0471 
.0469 
.0468 
.0465 
.0463 
.0461 
.0460 
.0467 
.0456 
.0453 
.0452 
.0450 
.0448 
.0446 
.0445 
.0443 
.0441 
.0439 
.0438 
.0436 
.0434 
.0433 
.0431 
.0430 
.0428 



C. Rts. 



4.4647 
4.4814 
4.4979 
4.5143 
4.5306 
4.5468 
4.5629 
4.5788 
4.5947 
4.6104 
4.6260 
4.6415 
4.6570 
4.6723 
4.6875 
4.7026 
4.7176 
4.7326 
4.7474 
4.7622 
4.7768 
4.7914 
4.8058 
4.8202 
4.8345 
4.8488 
4.8629 
4.8769 
4.8909 
4.9048 
4.9186 
4.9324 
4.9460 
4.9596 
4.9731 
4.9866 
5.0000 
5.0132 
5.0265 
5.0396 
5.0527 
5.0657 
5.0787 
5.0916 
5.1044 
5.1172 
5.1299 
5.1425 
5.1551 



Diff. 



.0167 
.0165 
.0164 
.0163 
.0162 
.0161 
.0159 
.0159 
.0157 
.0156 
.0155 
.0155 
.0153 
.0153 
.0151 
.0150 
.0150 
.0148 
.0148 
.0146 
.0146 
.0144 
.0144 
.0143 
.0143 
.0141 
.0140 
.0140 
.0139 
.0138 
.0138 
.0136 
.0136 
.0135 
.0135 
.0134 
.0132 
.0133 
.0131 
.0131 
.0130 
.0130 
.0129 
.0128 
.0128 
.0127 
.0126 
.0126 



No. 



137 
138 
1^9 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
17? 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 



Sqr. Rts. 



11.7046 
11.7473 
11.7898 
11.8321 
11.8743 
11.9163 
11.9582 
12.0000 
12.0415 
12.0830 
12.1243 
12.1655 
12.2065 
12.2474 
12.2882 
12.3288 
12.3693 
12.4096 
12.4498 
12.4899 
12.5299 
12.5698 
12.6095 
12.6491 
12.6885 
12.7279 
12.7671 
12.8062 
12.8452 
12.8840 
12.9228 
12.9614 
13.0000 
13.0384 
13.0766 
13.1148 
13.1629 
13.1909 
13.2287 
13.2664 
13.3041 
13.3416 
13.3790 
13.4164 
13.4536 
13.4907 
13.5277 
13.5646 
13.6014 



Diff. 



.0427 

.0425 

.0423 

.0422 

.0420 

.0419 

.0418 

.0415 

.0414 

.0413 

.0412 

.0410 

.0409 

.0408 

.0406 

.0405 

.0403 

.0402 

.0401 

.0400 

.0399 

.0397 

.0396 

.0394 

.0394 

.0392 

.0391 

.0390 

.6389 

.0388 

.0387 

.0386 

.0384 

.0382 

.0382 

.0381 

.0380 

.0378 

.0377 

.0376 

.0375 

.0374 

.0373 

.0372 

.0371 

.0370 

.0369 

.0368 



C. RtB. 



5.1551 
5.1676 
5.1801 
5.1924 
5.2048 
5.2171 
5.2293 
5.2414 
5.2535 
5.2656 
5.2776 
5.2895 
5.3014 
5.3132 
5.3250 
5.3368 
5.3484 
5.3601 
5.371(» 
5.3832 
5.3946 
5.4061 
5.4175 
5.4288 
5.4401 
5.4513 
5.4625 
6.4737 
5.4848 
5.4958 
5.5068 
5.5178 
6.5287 
5.5396 
5.5504 
5.5612 
5.5720 
5.5827 
5.5934 
5.6040 
5.6146 
5.6252 
5.6357 
5.6462 
5,6566 
5.6670 
5.6774 
5.6877 
5.6980 



Diff. 

.0126 
.0125 
.0)23 
.01*24 
.0123 
.0122 
.0121 
.0121 
.0121 
.0120 
.0119 
.0119 
.0118 
.0118 
.0118 
.0116 
.0117 
.0115 
.0116 
.0114 
.0115 
.0114 
.0113 
.0113 
.0112 
.0112 
.0112 
.0111 
.0110 
.0110 
.0110 
.0109 
.0109 
.0108 
.0108 
.0108 
.0107 
.0107 
.0106 
.0106 
.0106 
.0105 
.0105 
.0104 
.0104 
.0104 
.0103 
.0103 



44 



TEMPLETONS 



No. 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 



Sqr.Rta 



13.6014 
13.6381 
13.6747 
13.7113 
13.7477 
13.7840 
13.8202 
13.8564 
13.8924 
13.9283 
13.9642 
14.0000 
14.0356 
14.0712 
14.1067 
14.1421 
14.1774 
14.2126 
14.2478 
14.2828 
14.3178 
14.3527 
14.3874 
14.4222 
14.4568 
14.4913 
14.5258 
14.5602 
14.5945 
14.6287 
14.6628 
14.6969 
14.7309 
14.7648 
14.7986 
14.8323 
14.8660 
14.8996 
14.9331 
14.9666 
15.0000 
15.0332 
15.0665 
15.0996 
15.1327 
15.1657 
15.1986 
15.2315 
15.2643 



Diff. 



.0367 
.0366 
.0365 
.0364 
.0363 
.0362 
.0361 
.0360 
.0359 
.0358 
.0357 
.0356 
.0356 
.0355 
.0354 
.0353 
.0352 
.0351 
.0350 
.0350 
.0349 
.0348 
.0347 
.0346 
.0345 
.0345 
.0344 
.0343 
.0342 
.0341 
.0341 
.0340 
.0339 
.0338 
.0337 
.0337 
.0336 
.0335 
.0335 
.0334 
.0332 
.0333 
.0331 
.0331 
.0330 
.0329 
.0329 
.0328 



CRta, 



5.6980 
5.7082 
5.7184 
5.7286 
5.7387 
5.7488 
5.7589 
5.7689 
5.7789 
5.7889 
5.7983 
5.8087 
5.8186 
5.8284 
5.8382 
5.8480 
5,8577 
5.8674 
5.8771 
5.8867 
5.8963 
5.9059 
5.9154 
5.9249 
5.9344 
5.9439 
5.9533 
5.9627 
5 97-20 
5.9814 
5.9907 
6.0000 
6.0092 
6.0184 
6.0276 
6.0368 
6.0459 
6.0550 
6.0641 
6.0731 
6.0822 
6.0911 
6.1001 
6.1091 
6.1180 
6.1269 
6.1357 
6.1446 
6.1534 



Otff. 



.0102 
.0102 
.0102 
.0101 
.0101 
.0101 
.0100 
.0100 
.0100 
.0099 
.0099 
.0099 
.0098 
.0098 
.0098 
.0097 
.0097 
.0097 
.0096 
.0096 
.0096 
.0095 
.0095 
.0095 
.0095 
.0094 
.0094 
.0093 
.0094 
.0093 
.0093 
.0093 
.0092 
.0092 
.0092 
.0091 
.0091 
.0091 
.0090 
.0091 
.0089 
.0090 
.0090 
.0089 
.0089 
.0088 
.0089 
.0088 



No. 



233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 



Bqr.Bta. 



5.2643 
5.2970 
5.3297 
5.3622 
5.3948 
5.4272 
8.459B 
5.4919 
5.5241 
5.5563 
5.5884 
5.6204 
5.6524 
5.6843 
5.7162 
5.7480 
5.7797 
5.8113 
5.8429 
5.8745 
5.9059 
5.9373 
5.9687 
6.0000 
6.0312 
6.0623 
6.0934 
6.1245 
6.1554 
6.1864 
6.2172 
6.2480 
6.2788 
6.3095 
6.3401 
6.3707 
6.4012 
6,4316 
6.4620 
6.4924 
6.5227 
6.5529 
6.5831 
6.6132 
6.6433 
6.6733 
6.7032 
6.7332 
6.7630 



Diff. 



.0327 
.0327 
.0325 
.0326 
.0324 
.0324 
.0323 
.0322 
.0322 
.0321 
.0320 
.0320 
.0319 
.0319 
.0318 
.0317 
.0316 
.0316 
.0316 
.0314 
.0314 
.0314 
.0313 
.0312 
.0311 
.0311 
.0311 
.0309 
.0310 
.0308 
.0308 
.0308 
.0307 
.0306 
.0306 
.0305 
.0304 
.0304 
.0304 
.0303 
.0302 
.0302 
.0301 
.0301 
.0300 
.0299 
.0300 
.0298 



O.Rts. 



6.1534 
6.1622 
6.1710 
6.1797 
6.1884 
6.1971 
6.2058 
6.2144 
6.2230 
6.2316 
6.2402 
6.2487 
6.2573 
6.2658 
6.2743 
6.2827 
6.2911 
6.2996 
6.3079 
6.3163 
6.3247 
6.3330 
6.3413 
6.3496 
6.3578 
6.3660 
6.3743 
6.3825 
6.3906 
6.3988 
6.4069 
6.4150 
6.4231 
6.4312 
6.4392 
6.4473 
6.4553 
6.4633 
6.4712 
6.4792 
6.4871 
6.4950 
6.5029 
6.5108 
6.5186 
6.5265 
6.5343 
6.5421 
6.5499 



Diff. 

.0088 
.0088 
.0087 
.0087 
.0087 
.0087 
.0086 
.0086 
.0086 
.0086 
.0085 
.0086 
.0085 
.0085 
.0084 
.0084 
.0085 
.0083 
.0084 
.0084 
.0083 
.0083 
.0083 
.0082 
.0082 
.0083 
.0082 
.0081 
.0082 
.0081 
.0081 
.0081 
.0081 
.0080 
.0081 
.0080 
.0080 
.0078 
.0080 
.0079 
.0079 
.0079 
.0079 
.0078 
.0079 
.0078 
.0078 
.0078 
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No. 

281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
817 
318 
319 
320 
321 
322 
323 
324 
325 
326 
827 
328 
329 



8qr Rts. 



16.7630 
16.7928 
16.8226 
16.8522 
16.8819 
16.9115 
16.9410 
16.9705 
17.0000 
17.0293 
17.0587 
17.0880 
17.1172 
17.1464 
17.1755 
17.2046 
17.2336 
17.2626 
17.2916 
17.3205 
17.3493 
17.3781 
17.4068 
17.4355 
17.4642 
17.4928 
17.5214 
17.5499 
17.5783 
17.6068 
17.6351 
17.6635 
17.6918 
17.7200 
17.7482 
17.7763 
17.8044 
17.8325 
17.8605 
17.8885 
17.9164 
17.9443 
17.9722 
18.0000 
18.0277 
18.0554 
18.0831 
18.1107 
18.1383 



Diff. 



.0298 
.0298 
.0296 
.0297 
.0296 
.0295 
.0295 
.0295 
.0293 
.0294 
.0293 
.0292 
.0292 
.0291 
.0291 
.0290 
.0290 
.0290 
.0289 
.0288 
.0288 
.0287 
.0287 
.0287 
.0286 
,0286 
.0285 
.0284 
.0-285 
.0283 
.0284 
.0283 
.0282 
.0282 
.0281 
.0281 
.0281 
.0280 
.0280 
.0279 
.0279 
.0279 
.0278 
.0277 
.0277 
.0277 
.0276 
.0276 



C. Rts. 



6.5499 
6.5576 
6.5654 
6.5731 
6.5808 
6.5885 
6.5962 
6.6038 
6.6114 
6.6191 
e.6267 
6.6342 
6.6418 
6.6493 
6M69 
6.6644 
6.6719 
6.6794: 
6.6868 
6.6943 
6.7017 
6.7091 
6.7165 
6.7239 
6.7313 
6.7386 
6.7459 
6.7533 
6.7606 
6.7678 
6.7751 
6.7824 
6.7896 
6.796S 
6.8040 
6.8112 
6.8184 
6.8256 
6.83-27 
6.8399 
6.8470 
6.8541 
6.8612 
6.8682 
6.8753 
6.8823 
6.8894 
6.8964 
6.9034 



Diff. 



.0077 
.0078 
.0077 
.0077 
.0077 
.0077 
.0076 
.0076 
.0077 
.0076 
.0075 
.0076 
.0075 
.0076 
.0075 
.0075 
.0075 
.0074 
.0075 
.0074 
.0074 
.0074 
.0074 
.0074 
.0073 
.0073 
.0074 
.0073 
.0072 
.0073 
.0073 
.0072 
.0072 
.0072 
.0072 
.0072 
.0072 
.0071 
.0072 
.0071 
.0071 
.0071 
.0070 
.0071 
.0070 
.0071 
.0070 
.0070 



No. 



329 

330 

331 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

870 

371 

372 

373 

374 

375 

376 



8qr. Rts. 



18.1383 

18.1659 

18.1934 

18.2208 

18.2482 

18.2756 

18.3030 

18.3303 

18.3575 

18.3847 

18.4119 

18.4390 

18.4661 

18.4932 

18.5202 

18.5472 

ia5741 

18.6010 

18.6279 

18.6547 

18.6815 

18.7082 

18.7349 

18.7616 

18.7882 

18.8148 

18.8414 

18.8679 

18.8944 

18.9208 

18.9472 

18.9736 

19.0000 

19.0262 

19.0525 

19.0787 

19.1049 

19.1311 

19.1572 

19.1833 

19.2093 

19.2353 

19.2613 

19.2873 

19.3132 

19.3390 

19.3649 

19.3907 



Piff. O.RU. 



377 19.4164 



.0276 

.0275 

.0274 

.0274 

.0274 

.0274 

.0273 

.0272 

.0272 

.0272 

.0271 

.0271 

.0271 

.0270 

.0-270 

.0269 

.0269 

.0269 

.0268 

.0268 

.0267 

.0267 

.0267 

.0266 

.0266 

.0266 

.0265 

.0265 

.0264 

.0264 

.0264 

.0264 

.0262 

.0263 

.0-262 

.0262 

.0262 

.0261 

.0261 

.0260 

.0260 

.0260 

.0260 

.0259 

.0258 

.0259 

.0258 

.0257 



6.9034 

6.9104 

6.9173 

6.9-243 

6.9313 

6.9383 

6.9451 

6.9520 

6.9589 

6.9668 

6.9726 

6.9795 

6.9863 

6.9931 

7.0000 

7.0067 

7.0135 

7.0203 

7.0271 

7.0338 

7.0405 

7.0472 

7.0540 

7.0606 

7.0673 

7.0740 

7.0806 

7.0873 

7.0939 

7.1005 

7.1071 

7.1137 

7.1203 

7.1269 

7.1334 

7.1400 

7.1465 

7.1530 

7.1695 

7.1660 

7.1725 

7.1790 

7.1855 

7.1919 

7.1984 

7.2048 

7.2112 

7.2176 

7.2-240 



Diff. 

.0070 
.0069 
.0070 
.0070 
.0070 
.0068 
.0069 
.0069 
.0069 
.0068 
.0069 
.0068 
.0068 
.0069 
.0067 
.0068 
.0068 
.0068 
.0067 
.0067 
.0067 
.0068 
.0066 
.0067 
.0067 
.0066 
.0067 
.0066 
.0066 
.0066 
.0066 
.0066 
.0066 
.0065 
.0066 
.0065 
.0065 
.0065 
.0065 
.0065 
.0065 
.0065 
.0064 
.0065 
.0064 
.0064 
.0064 
.0064 



f2 
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No. 

377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 



Sqr.Rtfl. 



19.4164 
19.4422 
19.4679 
19.4935 
19.5192 
19.5448 
19.5703 
19.5959 
19.6214 
19.6468 
19.6723 
19.6977 
19.7230 
19.7484 
19.7737 
19.7989 
19.8242 
19.8494 
19.8746 
19.8997 
19.9248 
19.9499 
19.9749 
20.0000 
20.0249 
20.0499 
20.0748 
20.0997 
20.1246 
20.1494 
20.1742 
20.1990 
20.2237 
20.2484 
20.2731 
20.2977 
20.3224 
20.3469 
20.3715 
20.3960 
20.4205 
20.4450 
20.4694 
20.4939 
20.5182 
20.5426 
20.5669 
20.5912 
20.6155 



Diir. 



.0258 
.0257 
.0256 
.0257 
JQ256 
.0255 
.0256 
.0255 
.0254 
.0255 
.0254 
.0253 
.0254 
.0253 
.0252 
.0253 
.0252 
.0252 
.0251 
.0251 
.0251 
.0250 
.0251 
.0249 
.0250 
.0249 
.0249 
.0249 
.0248 
.0248 
.0248 
.0247 
.0247 
.0247 
.0246 
.0247 
.0245 
.0246 
.0245 
.0245 
.0245 
.0244 
.0245 
.0243 
.0244 
.0243 
.0243 
.0243 



cats. 



7.2240 
7.2304 

7.2367 
7.2431 
7.2495 
7.2558 
7.2621 
7.2684 
7.2747 
7.2810 
7.2873 
7.2936 
7.2998 
7.3061 
7.3123 
7.3186 
7.3248 
7.3310 
7.3372 
7.3434 
7.3495 
7.3557 
7.3619 
7.3680 
7.3741 
7.3803 
7.3864 
7.3925 
7.3986 
7.4047 
7.4107 
7.4168 
7.4229 
7.4289 
7.4349 
7.4410 
7.4470 
7.4530 
7.4590 
7.4650 
7.4709 
7.4769 
7.4829 
7.4888 
7.4948 
7.6007 
7.5066 
7.5125 
7.5184 



DIff. 



.0064 
.0063 
.0064 
.0064 
.0063 
.0063 
.0063 
.0063 
.0063 
.0063 
.0063 
.0062 
.0063 
.0062 
.0063 
.0062 
.0062 
.0062 
.0062 
.0061 
.0062 
.0062 
.0061 
.0061 
.0062 
.0061 
.0061 
.0061 
.0061 
.0060 
.0061 
s0061 
.0060 
.0060 
.0061 
.0060 
.0060 
.0060 
.0060 
.0059 
.0060 
.0060 
.0059 
.0060 
.0059 
.0059 
.0059 
.0059 



No. 



425 
426 

427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 



Bqr.BtB. 



20.6155 
20.6397 
20.6639 
20.6881 
20.7123 
20.7364 
20.7605 
20.7846 
20.8086 
20.8326 
20.8566 
20.8806 
20.9045 
20.9284 
20.9523 
20.9761 
21.0000 
21.0237 
21.0457 
21.0713 
21.0950 
21.1187 
21.1423 
21.1660 
21.1896 
21.2132 
21.2367 
21.2602 
21.2837 
21.3072 
21.3307 
21.3541 
21.3775 
21.4009 
21.4242 
21.4476 
21.4709 
21.4941 
21.5174 
21.5406 
21.5638 
21.5870 
21.6101 
21.6333 
21.6564 
21.6794 
21.7025 
21.7255 
21.7485 



Diff. 



.0242 

.0-242 

.0242 

.0242 

.0241 

.0241 

.0241 

.0240 

.0240 

.0240 

.0240 

.0239 

.0239 

.0239 

.0238 

.0239 

.0237 

.0220 

.0256 

.0237 

.0237 

.0236 

.0237 

.0236 

.0236 

.0225 

.0235 

.0235 

.0235 

.0235 

.0234 

.0234 

.0234 

.0233 

.0234 

.0233 

.0232 

.0233 

.0232 

.0232 

.0232 

.0231 

.0232 

.0231 

.0230 

.0231 

.0230 

.0230 



CBta. 



7.5184 
7.6243 
7.5302 
7.5361 
7.5419 
7.5478 
7.5536 
7.5595 
7.5653 
7.5711 
7.5769 
7.5827 
7.5885 
7.5943 
7.6001 
7.6059 
7.6116 
7.6174 
7.6231 
7.6288 
7.6346 
7.64a3 
7.6460 
7.6517 
7.6574 
7.6630 
7.6687 
7.6744 
7.6800 
7.6857 
7.6913 
7.6970 
7.7026 
7.7082 
7.7138 
7.7194 
7.7250 
7.7306 
7.7361 
7.7417 
7.7473 
7.7528 
7.7584 
7.7639 
7.7694 
7.7749 
7.7804 
7.7859 
7.7914 



Difl: 

.0059 
.0059 
.0059 
.0058 
.0059 
.0058 
.0059 
.0058 
.0058 
.0058 
.0058 
.0058 
.0058 
.0058 
.0058 
.0057 
.0058 
.0057 
.0057 
.0058 
.0057 
.0057 
.0057 
.0057 
.0056 
.0057 
.0057 
.0056 
.0057 
.0056 
.0057 
.0056 
.0056 
.0056 
.0056 
.0056 
.0056 
.0055 
.0056 
.0056 
.0055 
.0056 
.0055 
.0055 
.0055 
.0055 
.0055 
.0055 
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No. 

473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 



Sqr.Rts. 



21.7485 
21.7715 
21.7944 
21.8174 
21.8403 
21.8632 
21.8860 
21.9089 
21.9317 
21.9544 
21.9772 
22.0000 
22.0227 
22.0454 
22.0680 
22.0907 
22.1133 
22.1359 
22.1585 
22.1810 
22.2036 
22.2261 
22.2485 
22.2710 
22.2934 
22.3159 
22.3383 
22.3606 
22.3830 
22.4053 
22.4276 
22.4499 
22.4722 
22.4944 
22.5166 
22.5388 
22.5610 
22.5831 
22.6053 
22.6274 
22.6495 
22.6715 
22.6936 
22.7156 
22.7376 
22.7596 
22.7815 
22.8035 
22.8254 



Diff. 



.0230 
.0229 
.0230 
.0229 
.0229 
.0228 
.0229 
.0228 
.0227 
.0228 
.0-228 
.0227 
.0227 
.0226 
.0227 
.0-226 
.0226 
.0226 
.0-225 
.0226 
0225 
.0224 
.0225 
.0-2-24 
.02-25 
.0-224 
.0-2-23 
.0-224 
.0-2-23 
.0223 
.0223 
.02-23 
.0-222 
.0222 
.0222 
.02-22 
.0221 
.0222 
.0-221 
.0221 
.02-20 
.0221 
.02-20 
.0-220 
.0220 
.0219 
.0220 
.0219 



C.Rts. 



7.7914 
7.7969 
7.8024 
7.8079 
7.8133 
7.8188 
7.8242 
7.8-297 
7.8351 
7.8405 
7.8460 
7.8514 
7.8568 
7.86-22 
7.8676 
7.87-29 
7.8783 
7.8837 
7.8890 
7.8944 
7.8997 
7.9051 
7.9104 
7.9157 
7.9210 
7.9264 
7.9317 
7.9370 
7.9422 
7.9475 
7.9528 
7.9581 
7.9633 
7.9686 
7.9738 
7.9791 
7.9843 
7.9895 
7.9947 
8.0000 
8.0052 
8.0104 
3.0155 
8.0207 
8.0259 
8.0311 
8.0362 
8.0414 
8.0466 



Diff. 



.0055 
.0055 
.0055 
.0055 
.0054 
.0055 
.0054 
.0055 
.0054 
.0054 
.0055 
.0054 
.0054 
.0054 
.0054 
.0053 
.0054 
.0054 
.0053 
.0054 
.0053 
.0054 
.0053 
.0053 
.0053 
.0054 
.0053 
.0052 
.0053 
.0053 
.0053 
.0052 
.0053 
.0052 
.0053 
.0052 
.0052 
.0052 
.0053 
.0052 
.0052 
.0051 
.0052 
.0052 
.0052 
.0051 
.0052 
.0052 



No. 



521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 



Sqr.Rts. 



22.8*254 
2-2.8473 
22.8691 
2-2.8910 
22.9128 
22.9346 
2-2.9564 
22.9782 
23.0000 
23.0217 
23.0434 
23.0651 
23.0867 
23.1084 
23.13100 
23.1516 
23.1732 
23.1948 
23.2163 
23.2379 
23.2594 
23.2808 
23.3023 
23.3-238 
23.3452 
23.3666 
23.3880 
23.4093 
23.4307 
23.4520 
23.4733 
23.4946 
23.5159 
23.5372 
23.5584 
23.5796 
23.6008 
23.62-20 
23.6431 
23.6643 
23.6854 
23.7065 
23.7276 
23.7486 
23.7697 
23.7907 
23.8117 
23.8327 
23.8537 



Diff. 



.0219 
.0218 
.0219 
.0218 
.0218 
.0218 
.0218 
.0218 
.0-217 
.0217 
.0217 
.0216 
.0217 
.0216 
.0216 
.0216 
.0216 
.0215 
.0216 
.0215 
.0214 
.0215 
.0215 
.0214 
.0214 
.0214 
.0213 
.0214 
.0213 
.0213 
.0213 
.0213 
.0213 
.0212 
.0212 
.0212 
.0212 
.0211 
.0212 
.0211 
.0211 
.0211 
.0210 
.0211 
.0210 
.0210 
.0210 
.0210 



C.Rt& 



8.0466 
8.0517 
8.0568 
8.0620 
8.0671 
8.0722 
8.0773 
8.0824 
8.0875 
8.0926 
8.0977 
8.10-28 
8.1079 
8.1129 
8.1180 
8.1230 
8.1281 
8.1331 
8.1382 
8.1432 
8.1482 
8.1532 
8.1583 
8.1633 
8.1683 
8.1733 
8.1782 
8.1832 
8.1882 
8.1932 
8.1981 
8.2031 
8.2080 
8.2130 
8.2179 
8.2228 
8.2278 
8.23-27 
8.2376 
8.2425 
8.2474 
8.2523 
P.2572 
8.2621 
8.2670 
8.2719 
8.2767 
8.2816 
8.2864 



Diff. 

.0051 
.0051 
.0052 
.0051 
.0051 
.0051 

.oesi 

.0051 

.0051 

.0051 

.0051 

.0051 

.0050 

.0051 

.0050 

.0051 

.0050 

.0051 

.0050 

.0050 

.0050 

.0051 

.0050 

.0050 

.0050 

.0049 

.0050 

.0050 

.0050 

.0049 

.0050 

.0049 

.0050 

.0049 

.0049 

.0050 

.0049 

.0049 

.0049 

.0049 

.0049 

.0049 

.0049 

.0049 

.0049 

.0048 

.0049 

.0048 
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templeton's 



No. 



569 

570 

571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

581 

582 

583 

584 

585 

586 

587 

588 

589 

590 

591 

592 

593 

594 

595 

596 

597 

598 

599 

600 

601 

602 

603 

604 

605 

606 

607 

608 

609 

610 

611 

612 

613 

614 

615 

616 

617 



8qr. Rta 



23.8537 

23.8746 

23.8956 

23.9165 

23.9374 

23.9582 

23.9791 

24.0000 

24.0208 

24.0416 

24.0624 

24.0831 

24.1039 

24.1246 

24.1453 

24.1660 

24.1867 

24.2074 

24.2280 

24.2487 

24.2693 

24.2899 

24.3 L04 

24.3310 

24.3515 

24.3721 

24.3926 

24.4131 

24.4335 

24.4540 

24.4744 

24.4948 

24.5153 

24.5356 

24.5560 

24.5764 

24.5967 

24.6170 

24.6373 

24.6576 

24.6779 

24.6981 

24.7184 

24.7386 

24.7588. 

24.7790 

24.7991 

24.8193 

24.8394 



Diff. 



.0209 

.0210 

.0209 

.0209 

.0208 

.0209 

.0209 

.0208 

.0208 

.0208 

.0207 

.0208 

.0207 

.0207 

.0207 

.0207 

.0207 

.0206 

.0207 

.0206 

.0206 

.0205 

.0206 

.0205 

.0206 

.0205 

.0206 

.0204 

.0205 

.0204 

.0204 

.0205 

.0203 

.0204 

.0204 

.0203 

.0203 

.0203 

.0203 

.0203 

.0202 

.0203 

.0202 

.0202 

.0202 

.0201 

.0202 

.0201 



C. Bts. 



8.2864 

8.2913 

8.2961 

8.3010 

8.3058 

8.3106 

8.3155 

8.3203 

8.3251 

8.3299 

8.3347 

8.3395 

8.3443 

8.3491 

8.3539 

8.3586 

8.3634 

8.3682 

8.3729 

8.3777 

8.3824 

8.3872 

8.3919 

8.3966 

8.4013 

8.4061 

8.4108 

8.4155 

8.4202 

8.4249 

8.4296 

8.4343 

8.4390 

8.4436 

8.4483 

8.4530 

8.4576 

8.4623 

84670 

8.4716 

8.4762 

8.4809 

8.4855 

8.4901 

8.4948 

8.4994 

8.5040 

8.5086 

8.5132 



Diff. 



.0049 

.0048 

.0049 

.0048 

.0048 

.0049 

.0048 

.0048 

.0048 

.0048 

.0048 

.0048 

.0048 

.0048 

.0047 

.0048 

.0048 

.0047 

.0048 

.0047 

.0048 

.0047 

.0047 

.0047 

.0048 

.0047 

.0047 

.0047 

.0047 

.0047 

.0047 

.0047 

.0046 

.0047 

.0047 

.0046 

.0047 

.0047 

.0046 

.0046 

.0047 

.0046 

.0046 

.0047 

.0046 

.0046 

.0046 

.0046 



No. 



617 

618 

619 

620 

621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

664 

665 



Sqr.Rts. 



24.8394 

24.8596 

24 8797 

24.8997 

24.9198 

24.9399 

24.9599 

24.9799 

25.0030 

25.0199 

25.0399 

25.0599 

25.0798 

25.0998 

25.1197 

25.1396 

25.1594 

25.1793 

25.1992 

25.2190 

25.2388 

25.2586 

25.2784 

25.2982 

25.3179 

25.3377 

25.3574 

25.3771 

25.3968 

25.4165 

25.4361 

25.4558 

25.4754 

25.4950 

25.5147 

25.5342 

25.5538 

25.5734 

25.5929 

25.6124 

25.6320 

25.6515 

25.6709 

25.6904 

25.7099 

25.7293 

25.7487 

25.7681 

25.7876 



Diff. 



C. Rts. 



.0202 

.0201 

.0200 

.0201 

.0201 

.0200 

.0200 

.0201 

.0199 

.0200 

.0200 

.0199 

.0200 

.0209 

.0199 

.0198 

.0199 

.0199 

.0198 

.0198 

.0198 

.0198 

.0198 

.0197 

.0198 

.0197 

.0197 

.0197 

.0197 

.0196 

.0197 

.0196 

.0196 

.0197 

.0195 

.0196 

.0196 

.0195 

.0195 

.0196 

.0195 

.0194 

.0196 

.0195 

.0194 

.0194 

.0194 

.0194 



8.5132 

8.5178 

8.5224 

8.5270 

8.5316 

8.5361 

8.5407 

8.5453 

8.5498 

8.5544 

8.5589 

8.5635 

8.5680 

8.5726 

8.5771 

8.5816 

8.5862 

8.5907 

8.6952 

8.5997 
8.6042 

8.6087 
8.6132 
8.6177 
8.6222 
8.6267 
8.6311 
8.6356 
8.6401 
8.6445 
8.6490 
8.6534 
8.6579 
8.6623 
8.6668 
8.6712 
8.6756 
8.6801 
8.6845 
8.6889 
8.6933 
8.6977 
8.7021 
8.7065 
8.7109 
8.7153 
8.7197 
8.7241 
8.7286 



Diff. 

.0046 

.0046 

.0046 

.0046 

.0045 

.0046 

.0046 

.0045 

.0046 

.0046 

.0046 

.0045 

.0046 

.0045 

.0045r 

.0046 

.0046 

.0045 

.0045 

.0046 

.0046 

.0045 

.0046 

.0046 

.0045 

.0044 

.0046 

.0046 

.0044 

.0046 

.0044 

.0046 

.0044 

.0046 

.0044 

.0044 

.0046 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 

.0044 



MATHEMATICAL TABLES. 
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No. 



665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 



Sqr.Bte. 



25.7875 
25.8069 
25.8263 
25.8456 
25.8650 
25.8843 
25.9036 
25.9229 
25.9422 
25.9615 
25.9807 
26.0000 
26.0192 
26.0384 
26.0576 
26.0768 
26.6959 
26.1151 
26.1342 
26.1533 
26.1725 
26.1916 
26.2106 
26.2297 
26.2488 
26.2678 
26.2868 
26.3058 
26.3248 
26.3438 
26.3628 
26.3818 
26.4007 
26.4196 
26.4386 

26.4575 
26.4764 
26.4952 
26.6141 
26.5329 
26.5518 
26.6706 
26.5894 
26.6082 
26.6270 
26.6458 
26.6645 
26.6833 
26.7020 



Diff. 



.0194 
.0194 
.0193 
.0194 
.0193 
.0193 
.0193 
.0193 
.0193 
.0192 
.0193 
.0192 
.0192 
.0192 
.0192 
.0191 
.0192 
.0191 
.0191 
.0192 
.0191 
.0190 
.0191 
.0191 
.0190 
.0190 
.0190 
.0196 
.0190 
.0190 
.0190 
.0189 
.0189 
.0180 
.0189 
.0189 
.0188 
.0189 
.0188 
.0189 
.0188 
.0188 
.0188 
.0188 
.0188 
.0187 
.0188 
.0187 



C.Bta 



8.7285 
8.7328 
8.7372 
8.7416 
8.7459 
8.7503 
8.7546 
8.7690 
8.7633 
8.7677 
8.7720 
8.7763 
8.7807 
8.7850 
8.7893 
8.7936 
8.7979 
8.8022 
8.8065 
8.8108 
8.8151 
8.8194 
8.8237 
8.8280 
8.8322 
8.8366 
8.8408 
8.8460 
8.8493 
8.8535 
8.8578 
8.8620 
8.8663 
8.8705 
8.8748 
8.8790 
8.8832 
8.8874 
8.8917 
8.8959 
8.9001 
8.9043 
8.9086 
8.9127 
8.9169 
8.9211 
8.9263 
8.9294 
8.9336 



Diff. 



.0043 
.0044 
.0044 
.0043 
.0044 
.0043 
.0044 
.0043 
.0044 
.0043 
.0043 
.0044 
.0043 
.0043 
.0043 
.0043 
,0043 
.0043 
.0043 
.0043 
.0043 
.0043 
.0043 
.0042 
.0043 
.0043 
.0042 
.0043 
.0042 
.0043 
.0042 
.0043 
.0042 
.0043 
.0042 
.0042 
.0042 
.0043 
.0042 
.0042 
.0042 
.0042 
.0042 
.0042 
.0042 
.0042 
.0041 
.0042 



No. 



713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
736 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
762 
763 
754 
756 
766 
767 
758 
759 
760 
761 



Sqr.Bta 



26.7020 
26.7207 
26.7394 
26.7581 
26.7768 
26.7955 
26.8141 
26.8328 
26.8514 
26.8700 
26.8886 
26.9072 
26.9258 
26.9443 
26.9629 
26.9814 
27.0000 
27.0185 
27.0370 
27.0564 
27.0739 
27.0924 
27.1108 
27.1293 
27.1477 
27.1661 
27.1846 
27.2029 
27.2213 
27.2396 
27.2680 
27.2763 
27.2946 
27.3130 
27.3313 
27.3495 
27.3678 
27.3861 
27.4043 
27.4226 
27.4408 
27.4690 
27.4772 
27.4954 
27.5136 
27.5317 
27.6499 
27.6680 
27.6862 



Diff. 



.0187 
.0187 
.0187 
.0187 
.0187 
.0186 
.0187 
.0186 
.0186 
.0186 
.0186 
.0186 
.0185 
.0186 
.0185 
.0186 
.0186 
.0185 
.0184 
.0185 
.0185 
.0184 
.0185 
.0184 
.0184 
.0184 
.0184 
.0184 
.0183 
.0184 
.0183 
.0183 
.0184 
.0183 
.0182 
.0183 
.0183 
.0182 
.0183 
.0182 
.0182 
.0182 
.0182 
.0182 
.0181 
.0182 
.0181 
.0182 



CBtB. 



8.9336 
8.9378 
8.9420 
8.9461 
8.9603 
8.9645 
8.9586 
8.9628 
8.9669 
8.9711 
8.9752 
8.9793 
8.9835 
8.9876 
8.9917 
8.9968 
9.0000 
9.0041 
9.0082 
9.0123 
9.0164 
9.0206 
9.0246 
9.0287 
9.0328 
9.0368 
9.0409 
9.0450 
9.0491 
9.0631 
9.0672 
9.061 3 
9.0663 
9.0694 
9.0734 
9.0775 
9.0815 
9.0856 
9.0896 
9.0936 
9.0977 
9.1017 
9.1067 
9.1097 
9.1137 
9.1177 
9.1218 
9.1268 
9.1298 



Diff. 

.0042 
.0042 
.0041 
.0042 
.0042 
.0041 
.0042 
.0041 
.0042 
.0041 
.0041 
.0042 
.0041 
.0041 
.0041 
.0042 
.0041 
.0041 
.0041 
.0041 
.0041 
.0041 
.0041 
.0041 
.0040 
.0041 
.0041 
.0041 
.0040 
.0041 
.0041 
.0040 
.0041 
.0040 
.0041 
.0040 
.0041 
.0040 
.0040 
.0041 
.0040 
.0049 
.0040 
.0040 
.0040 
.0041 
.0040 
.0040 
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No. 

761 
762 
763 
764 
766 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 



Sqr. RtB. 



Diff. 



27.5862 
27.6043 
27.6224 
27.6405 
27.6586 
27.6767 
27.6947 
27.7128 
27.7308 
27.7488 
27.7668 
27.7848 
27.8028 
27.8208 
27.8388 
27.8567 
27.8747 
27.8926 
27.9105 
27.9284 
27.9463 
27.9642 
27.9821 
28.0000 
28.0178 
28.0356 
28.0535 
28.0713 
28.0891 
28.1069 
28.1247 
28.1424 
28.1602 
28.1780 
28.1957 
28.2134 
28.2311 
28.2488 
28.2665 
28.2842 
28.3019 
28.3196 
28.3372 
28.3548 
28.3725 
28.3901 
28.4077 
28.4253 
28.4429 



0181 
0181 
0181 
0181 
0181 
0180 
0181 
0180 
0180 
0180 
0180 
0180 
0180 
0180 
0179 
0180 
0179 
0179 
0179 
0179 
0179 
0179 
0179 
0178 
0178 
0179 
0178 
0178 
0178 
0176 
0177 
0178 
0178 
0177 
0177 
0177 
0177 
0177 
0177 
0177 
0177 
0176 
0176 
0177 
0176 
0176 
0176 
0176 



CRts. 



9.1298 
9.1338 
9.1377 
9.1417 
9.1457 
9.1497 
9.1537 
9.1577 
9.1616 
9.1656 
9.1696 
9.1735 
9.1775 
9.1815 
9.1854 
9.1894 
9.1933 
9.1972 
9.2012 
9.2051 
9.2090 
9.2130 
9.2169 
9.2208 
9.2247 
9.2287 
9.2326 
9.2365 
9.2404 
9.2443 
9.2482 
9.2521 
9.2560 
9.2599 
9.2637 
9.2676 
9.2715 
9.2754 
9.2793 
9.2831 
9.2870 
9.2909 
9.2947 
9.2986 
9.3024 
9.3063 
9.3101 
9.3140 
9.3178 



Diff. 



.0040 
.0039 
.0040 
.0040 
.0040 
.0040 
.0040 
.0039 
.0040 
.0040 
.0039 
.0040 
.0040 
.0039 
.0040 
.0039 
.0039 
.0040 
.0039 
.0039 
.0040 
.0039 
.0039 
.0039 
.0040 
.0039 
.0039 
.0039 
.0039 
.0039 
.0039 
.0039 
.0039 
.0038 
.0039 
.0039 
.0039 
.0039 
.0038 
.0039 
.0039 
.0038 
.0039 
.0038 
.0039 
.0038 
.0039 
.0038 



No. 

809 
810 
811 
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857 



Sqr.Rt& 



28.4429 
28.4604 
28.4780 
28.4956 
28.5131 
28.5306 
28.5482 
28.5657 
28.5832 
28.6006 
28.6181 
28.6356 
28.6530 
28.6705 
28.6879 
28.7054 
28.7228 
28.7402 
28.7576 
28.7749 
28.7923 
28.8097 
28.8270 
28.8444 
28.8617 
28.8790 
28.8963 
28.9136 
28.9309 
28.9482 
28.9654 
28.9827 
29.0000 
29.0172 
29.0344 
29.0516 
29.0688 
29.0860 
29.1032 
29.1204 
29.1376 
29.1547 
29.1719 
29.1890 
29.2061 
29.2232 
29.2403 
29.2574 
29.2745 



Diff. 



.0175 
.0176 
.0176 
.0175 
.0175 
.0176 
.0175 
.0176 
.0174 
.0175 
.0175 
.0174 
.0175 
.0174 
.0175 
.0174 
.0174 
.0174 
.0173 
.0174 
.0174 
.0173 
.0174 
.0173 
.0173 
.0173 
.0173 
.0173 
.0173 
.0172 
.0173 
.0173 
.0172 
.0172 
.0172 
.0172 
.0172 
.0172 
.0172 
.0172 
.0171 
.0172 
.0171 
.0171 
.0171 
.0171 
.0171 
.0171 



C. Rt8. 



9.3178 

9.3216 

9.3-256 

9.3293 

9.3331 

9.3370 

9.3408 

9.3446 

9.3434 

9.3522 

9.3560 

9.3599 

9.3637 

9.3675 

9.3713 

9.3750 

9.3788 

9.382() 

9.3864 

9.3902 

9.3940 

9.3977 

9.4015 

9.4053 

9.4091 

9.4128 

9.4166 

9.4203 

9.4241 

9.4278 

9.4316 

9.4353 

9.4391 

9.4428 

9.4466 

9.4503 

9.4540 

9.4577 

9.4615 

9.4652 

9.4689 

9.4726 

9.4761 

9.4801 

9.4838 

9.4875 

9.4912 

9.4949 

9.4986 



Diff: 

.0038 

.0039 

.0038 

.0038 

.0039 

.0038 

.0038 

.0038 

.0038 

.0038 

.0039 

.0038 

.0038 

.0038 

.0037 

.0038 

.0038 

.0038 

.0038 

.0038 

.0037 

.0038 

.0038 

.0038 

.0037 

.0038 

.0037 

.0038 

.0037 

.0038 

.0037 

.0038 

.0037 

.0038 

.0037 

.0037 

.0037 

.0038 

.0037 

.0037 

.0037 

.0038 

.0040 

.0037 

.0037 

.0037 

.0037 

.0037 
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No. 



B57 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 



Sqr. Rt8. 



29.2745 

29.2916 

29.3087 

29.3257 

29.3428 

29.3598 

29.3768 

29.3938 

29.4108 

29.4278 

29.4448 

29.4618 

29.4788 

29.4957 

29.5127 

29.5296 

29.5465 

29.5634 

29.5803 

29.5972 

29.6141 

29.6310 

29.6479 

29.6647 

29.6816 

29.6934 

29.7153 

29.7321 

29.7489 

29.7657 

29.7825 

29.7993 

29.8161 

29.8328 

29.8496 

29.8663 

29.8831 

29.8998 

29.9165 

29.9332 

29.9499 

29.9666 

29.9833 

30.0000 

30.0166 

30.0333 

30.0499 

30.0665 

30.0832 



Diff. 



.0171 
.0171 
.0170 
.0171 
.0170 
.0170 
.0170 
.0170 
.0170 
.0170 
.0170 
.0170 
.0169 
.0170 
.0169 
.0169 
.0169 
.0169 
.0169 
.0169 
.0169 
.0169 
.0168 
.0169 
.0168 
.0169 
.0168 
.0168 
.0168 
.0168 
.0168 
.0168 
.0167 
.0168 
.0167 
.0168 
.0167 
.0167 
.0167 
.0167 
.0167 
.0167 
.0167 
.0166 
.0167 
.0166 
.0166 
.0167 



C.Rt& 



9.4986 
9.5023 
9.5059 
9M96 
9.5133 
9.5170 
9.5207 
9.5244 
9.5280 
9.5317 
9.5354 
9.5390 
9.5427 
9.5464 
9.5500 
9.5537 
9.5573 
9.5610 
9Mi6 
9.5682 
9.5719 
9.5755 
9.5792 
9.5828 
9.5864 
9.5900 
9.5937 
9.5973 
9.6009 
9.6045 
9.6081 
9.6117 
9.6153 
9.6190 
9.6226 
9.6262 
9.6297 
9.6333 
9.6369 
9.6405 
9.6441 
9.6477 
9.6513 
9.6548 
9.6584 
9.6620 
9.6656 
9.6691 
9.6727 



Diff. 



.0037 
.0036 
.0037 
.0037 
.0037 
.0037 
.0037 
.0036 
.0037 
.0037 
.0036 
.0037 
.0037 
.0036 
.0037 
.0036 
.0037 
.0036 
.0036 
.0037 
.0036 
.0037 
.0036 
.0036 
.0036 
.0037 
.0036 
.0036 
.0036 
.0036 
.0036 
.0036 
.0037 
.0036 
.0036 
.0035 
.0036 
.0036 
.0036 
.0036 
.0036 
.0036 
.0035 
.0036 
.0036 
.0036 
.0035 
.0036 



No. 



905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 



Sqr. Bte. 



30.0832 
30.0998 
30.1164 
30.1330 
30.1496 
30.1662 
30.1827 
30.1993 
30.2158 
30.2324 
30.2489 
30.2654 
30.2820 
30.2985 
30.3150 
30.3315 
30.3479 
30.3644 
30.3809 
30.3973 
30.4138 
30.4302 
30.4466 
30.4630 
30.4795 
30.4959 
30.5122 
30.5286 
30.5450 
30.5614 
30.5777 
30.5941 
30.6104 
30.6267 
30.6431 
30.6594 
30.6757 
30.6920 
30.7083 
30.7245 
30.7408 
30.7571 
30.7733 
30.7896 
30.8058 
30.8220 
30.8382 
30.8544 
30.8706 



Diff. 



.0166 
.0166 
.0166 
.0166 
.0166 
.0165 
.0166 
.0165 
.0166 
.0165 
.0165 
.0166 
.0165 
.0165 
.0165 
.0164 
.0165 
.0165 
.0164 
.0165 
.0164 
.0164 
.0164 
.0165 
.0164 
.0163 
.0164 
.0164 
.0164 
.0163 
.0164 
.0163 
.0163 
.0164 
.0163 
.0163 
.0163 
.0163 
.0162 
.0163 
.0163 
.0162 
.0163 
.0162 
.0162 
.0162 
.0162 
.0162 



C. Rt& 



9.6727 
9.6763 
9.6798 
9.6834 
9.6069 
9.6905 
9.6940 
9.6976 
9.7011 
9.7046 
9.7082 
9.7117 
9.7153 
9.7188 
9.7223 
9.7258 
9.7294 
9.7329 
9.7364 
9.7399 
9.7434 
9.7469 
9.7504 
9.7539 
9.7575 
9.7610 
9.7644 
9.7679 
9.7714 
9.7749 
9.7784 
9.7829 
9.7854 
9.7889 
9.7923 
9.7958 
9.7993 
9.8028 
9.8062 
9.8097 
9.8131 
9.8166 
9.8201 
9.8235 
9.8270 
9.8304 
9.8339 
9.8373 
9.8408 



Diff. 

.0036 

.0035 

.0036 

.0035 

.0036 

.0035 

.0036 

.0035 

.0035 

.003ff 

.0035 

.0036 

.0035 

.003^ 

.0035 

.0036 

.0035 

.0035 

.0035 

.0035 

.0035 

.0035 

.0035 

.0036 

.0035 

.0044 

.0035 

.0035 

.0035 

.0035 

.0035 

.0035 

.0035 

.0034 

.0035 

.0035 

.0035 

.0034 

.0035 

.0034 

.0035 

.0035 

.0034 

.0035 

.0034 

.0035 

.0034 

.0035 
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TEMPLETONS 



No. 

953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
963 
964 
965 
966 
967 
968 
969 
970 
971 
972 
978 
974 
975 
976 
977 



Sqr.Rta 



30.8706 
30.8868 
30.9030 
30.9192 
30.9354 
30.9515 
30.9677 
30.9838 
31.0000 
31.0161 
31.0322 
31.0483 
31.0644 
31.0805 
31.0966 
31.1126 
31.1287 
31.1448 
31.1608 
31.1769 
31.1929 
31.2089 
31.2249 
31.2409 
31.2569 



Diff. 



.0162 

.0162 

.0162 

.0)62 

.0161 

.0162 

0161 

.0162 

.0161 

.0161 

.0161 

.0161 

.0161 

.0161 

.0160 

.0161 

.0161 

.0160 

.0161 

.0160 

•0160 

.0160 

.0160 

.0160 



CRtB. 



9.8408 

9.8442 

9.8476 

9.8511 

9.8545 

9.8579 

9.8614 

9.8648 

9.8682 

9.8716 

9.8751 

9.8785 

9.8819 

9.8853 

9.8887 

9.8921 

9.8955 

9.8989 

9.9023 

9.9057 

9.9091 

9.9125 

9.9159 

9.9193 

9.9227 



Diff. 



.0034 

.0034 

.0035 

.0634 

.0034 

.0035 

.0034 

.0034 

.0034 

.0035 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 

.0034 



No. 



977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 
1000 



Sqr.Rta. 



31.2569 

31.2729 

31.2889 

31.3049 

31.3209 

31.3368 

31.3528 

31.3687 

31.3847 

31.4006 

31.4165 

31.4324 

31.4483 

31.4642 

31.4801 

31.4960 

31.5119 

31.5277 

31.5436 

31.5594 

31.5753 

31.59il 

31.6069 

31.6227 



Diff. 



.0160 

.0160 

.0160 

.0160 

.0159 

.0160 

.0159 

.0160 

.0159 

.0159 

.0159 

.0159 

.0159 

.0159 

.0159 

.0159 

.0158 

.0159 

.0158 

.0159 

.0158 

.0158 

.0158 



C. Rts. 



9.9227 
9.9261 
6.9295 
9.9328 
9.9362 
9.9396 
9.9430 
9.9463 
9.9497 
9.9531 
9.9564 
9.9598 
9.9631 
9.9665 
9.9699 
9.9732 
9.9766 
9.9799 
9.9833 
9.9866 
9.9899 
9.9933 
9.9966 
10.0000 



Diff. 

.0034 
.0034 
.0033 
.0034 
.0034 
.0034 
.0083 
.0034 
.0034 
.0033 
.0034 
.0033 
.0034 
.0034 
.0033 
.0034 
.0033 
.0034 
.0033 
.0033 
.0034 
.0033 
.0034 



TABLE 

CONTAINING 

THE SURFACE AND SOLIDITY OF SPHERES, 

7%e Edge w Dimensions ofEqwai Oubesy 
THE LENGTHS OF EQUAL CYLINDERS, 

AND THB 

WEIGHT OF EaiJAL QUANTITIES OF WATER IN AVOIRDUPOIS 

LBS. 



MT 



66 



TEHPLETON S 



Dia. 


Burfaoe. 


Solidity. 


Cabe. 


C>Under. 


Water in Um. 


1 in. 


3.1416 


.5236 


.8060 


.6666 


.0190 


^ 


3.5465 


.6280 


.8563 


.7082 


.0227 


% 


3.9760 


.7455 


.9067 


.7500 


.0270 


Via 


4.4301 


.8767 


.9571 


.7917 


.0317 


% 


4.9087 


1.0226 


1.0075 


.8333 


.0370 


%i 


5.4117 


1.1838 


1.0578 


.8750 


.0428 


% 


5.9395 


1.3611 


1.1082 


.9166 


.0500 


^ 


6.4918 


1.5553 


1.1586 


.9583 


.0563 


% 


7.0686 


1.7671 


1.2090 


1.0000 


.0640 


*Ab 


7.6699 


2.0000 


1.2593 


1.0416 


.0723 


% 


8.2957 


2.2467 


1.3097 


1.0833 


.0813 


H^ 


8.9461 


2.5161 


1.3601 


1.1349 


.0910 


% 


9.6211 


2.8061 


1.4105 


1.1666 


.1015 


% 


10.3206 


3.1176 


1.4608 


1.2083 


.1128 


r% 


11.0446 


3.4514 


1.5112 


1.2500 


.1250 


% 


11.7932 


3.8081 


1.5616 


1.2916 


.1377 


2 m. 


12.5664 


4.1888 


1.6020 


1.3333 


.1516 


M» 


13.3640 


4.5938 


1.6633 


1.3750 


.1662 


% 


14.1862 


5.0243 


1.7127 


1.4166 


.1818 


Ms 


15.0330 


5.4807 


1.7631 


1.4582 


.1982 


^ 


15.9043 


5.9640 


1.8135 


1.5000 


.2160 


Ms 


16.8000 


6.4749 


1.8638 


1.5516 


.2342 


% 


17.7205 


7.0143 


1.9142 


1.5832 


.2540 


^ 


18.6655 


7.5828 


1.9646 


1.6250 


.2743 


^ 


19.6350 


8.1812 


2.0150 


1.6666 


.2960 


Ms 


20.6290 


8.8103 


2.0653 


1.7082 


.3187 


'^ 


21.6475 


9.4708 


2.1157 


1.7500 


.3426 


^Ms 


22.6907 


10.1634 


2.1661 


1.7915 


.3676 


% 


23.7583 


10.8892 


2.2165 


1.8332 


.3939 


H4j 


24.8505 


11.6485 


2.2668 


1.8750 


.4213 


% 


25.9672 


12.4426 


2.3172 


1.9165 


.4501 


His 


27.1085 


13.2718 


2.3676 


1.9582 


.4800 


3tn. 


28.2744 


14.1372 


2.4180 


2.0000 


.5114 


Ms 


29.4647 


15.0392 


2.4683 


2.0415 


.5440 


^ 


30.6796 


15.9790 


2.5187 


2.0832 


.5780 


Ms 


31.9191 


16.9570 


2.5691 


2.1250 


.6133 


%, 


33.1831 


17.9742 


2.6195 


2.1665 


.6401 


Ms 


35.3715 


19.0311 


2.6698 


2.2082 


.6884 


9tf 


35.7847 


20.1289 


2.7202 


2.2500 


.7281 


^ 


37.1224 


21.2680 


2.7706 


2.2915 


.7693 


% 


38.4846 


22.4493 


2.8210 


2.3332 


.8120 


Ms 


39.8713 


23.6735 


2.8713 


2.3750 


.8561 


<>^ 


41.2825 


24 9415 


2.9217 


2.4166 


.9021 


'Ms 


42.7183 


26.2539 


2.9712 


2.4582 


.9496 


% 


44.1787 


27.6117 


3.0225 


2.5000 


.9987 


"/& 


45.6636 


29.0102 


3.0728 


2.5415 


1.0493 


% 


47.1730 


30.4659 


3.1232 


2.5832 


1.1020 


"/is 


48.7070 


31.9640 


ai730 


2.6250 


1.1561 
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Dia. 


Surfaoe. 


SoUdity. 


Cube. 


Cylinder. 


Water In lbs 

■ 


4 in. 


50.2656 


33.5104 


3.2240 


2.6665 


1.1974 


Hs 


51.8486 


35.1058 


3.2743 


2.7082 


1.2698 


% 


53.4562 


36.7511 


3.3247 


2.7500 


1.3293 


M« 


55.0884 


38.4471 


3.3751 


2.7915 


1.3906 




56.7451 


40.1944 


3.4255 


2.8332 


1.4538 


'Ai 


58.4262 


42.0461 


3.4758 


2.8750 


j.5208 


% 


60.1321 


43.8463 


3.5262 


2.9165 


1.5860 


^ 


61.8625 


45.7524 


3.5766 


2.9582 


1.6550 




63.6174 


47.7127 


3.6270 


3.0000 


1.7258 


%t 


65.3968 


49.7290 


3.6773 


3.0415 


1.7987 


X *■* 

^ 


67.2007 


51.8006 


3.7277 


3.0832 


1.8736 


'V^ 


69.0352 


53.9290 


3.7781 


3.1250 


1.9506 




70.8823 


56.1151 


3.8285 


3.1665 


2.0297 


"/& 


72.7599 


58.3595 


3.8788 


3.2080 


2.1109 




74.6620 


60.6629 


3.9292 


3.2500 


2.1942 


% 


76.5887 


62.9261 


3.9796 


3.2913 


2.2760 


5 m. 


78.5400 


65.4500 


4.0300 


3.3332 


2.3673 


V^ 


80.5157 


67.9351 


4.0803 


3.3750 


2.4572 


)^ 


82.5160 


70.4824 


4.1307 


3.4155 


2.5453 


Mb 


84.5409 


73.0926 


4.1811 


3.4582 


2.6438 


^ 


86.5903 


75.7664 


4.2315 


3.5000 


2.7605 


^ 


88.6641 


78.5077 


4.2818 


3.5414 


2.8396 


% 


90.7627 


81.3083 


4.33-22 


3.5832 


2.9407 


^ 


92.8858 


84.1777 


4.3820 


3.6250 


3.0447 


H 


95.0334 


87.1139 


4.4330 


3.6665 


3.1509 


^ 


97.2053 


90.1175 


4.4633 


3.7080 


3.2595 


^/^ 


99.4021 


93.1875 


4.5337 


3.7500 


3.3706 


"/^ 


101.6233 


96.3304 


4.5841 


3.7913 


3.4843 


%i 


103.8691 


99.5412 


4.6345 


3.8330 


3.6004 


"/& 


106.1394 


102.8225 


4.6848 


3.8750 


3.7191 


T's 


108.4342 


106.1754 


4.7352 


3.9163 


3.8404 


% 


110.7536 


109.5973 


4.7856 


3.9580 


3.9641 


6tn. 


113.0976 


113.0976 


4.8360 


4.0000 


4.0907 


V^ 


115.4660 


116.6688 


4.8863 


4.0417 


4.2200 


% 


117.8590 


120.3139 


4.9367 


4.0833 


4.3517 


Ms 


120.2771 


124.0374 


4.9871 


4.1250 


4.4874 


ii 


122.7187 


127.8320 


5.0375 


4.1666 


4.6236 


Ms 


125.1852 


131.7053 


5.0878 


4.2083 


4.7638 


?^ 


127.6765 


135.6563 


5.1382 


4.2500 


4.9067 


^ 


130.1923 


139.6854 


5.1886 


4.2917 


5.0524 


H 


132.7326 


143.7936 


5.2390 


4.3332 


5.2010 


MB 


135.2974 


147.9815 


5.2893 


4.3750 


5.3525 


% 


137.8867 


152.2499 


5.3377 


4.4165 


5.5069 


% 


140.5006 


156.5997 


5.3901 


4.4583 


5.6786 


% 


143.1391 


161.0315 


5.4405 


4.5000 


5.8245 


% 


145.8021 


167.5461 


5.4908 


4.5416 


6.0601 


% 


148.4896 


170.1682 


5.5412 


4.5832 


6.1550 


% 


151.2017 


174.8270 


5.5916 


4.6250 


6.3235 



as 



TXMPLSTONg 



Dia. 


Barlmot. 


mmty. 


Cube. 


C^Undor. ' 


W^AterinllaL 


7ifK 


153.9384 


179.5948 


5.6420 


4.6665 


6.4960 


Ms 


156.6995 


184.4484 


5.6923 


4.7082 


6.6725 


% 


159.4852 


189.3882 


5.7427 


4.7500 


6.8502 


Va 


162.2955 


194.1165 


5.7931 


4.7916 


7.0212 


^ 


165.1303 


199.5325 


5.8435 


4.8332 


7.2171 


'As 


167.9895 


204.7371 


5.8938 


4.8750 


7.4053 


% 


170.8735 


210.0331 


5.9442 


4.9166 


7.5970 


•"Ab 


173.7520 


215.4172 


5.9946 


4.9582 


7.7916 


% 


176.7150 


220.8937 


6.0450 


5.0000 


7.9897 


^ 


179.6725 


226.7240 


6.0953 


5.0415 


8.2006 


% 


182.6545 


232.1235 


6.1457 


5.0832 


8.3960 


% 


185.6611 


237.8883 


6.1961 


5.1250 


a6044 


% 


188.6923 


243.7276 


6.2455 


5.1665 


8.8157 


^%i 


191.7480 


249.4720 


6.2968 


5.2082 


9.0234 


% 


194.8282 


255.7121 


6.3472 


5.2500 


9.2491 


% 


197.9330 


261.9673 


6.3976 


5.2913 


9^753 


8t«. 


201.0624 


268.0832 


6.4480 


6.3330 


9.6965 


Ms 


204.2162 


274.4156 


6.4983 


5.3750 


9.9260 


% 


207.3946 


280.8469 


6.5487 


5.4164 


10.1683 


M6 


210.5976 


287.3780 


6.5991 


5.4681 


10.3944 




213.8251 


294.0095 


6.6495 


6.6000 


10.6343 


Ms 


217.0770 


300.7422 


6.6998 


6.6414 


10.8778 


% 


220.3537 


307.5771 


6.7602 


5.5831 


11.1250 


Ms 


223.6549 


314.5147 


6.8006 


5.6250 


11.3760 




226.9806 


321.5553 


6.8610 


6.6664 


11.6306 


Ms 


230.3308 


328.7012 


6.9013 


6.7080 


11.8891 


'^ 


233.7055 


335.9517 


6.9517 


5.7600 


12.1514 


*Ms 


237.1048 


343.3079 


7.0021 


6.7913 


12.4170 


% 


240.5287 


350.7710 


7.0525 


6.8330 


12.6874 


% 


243.9771 


358.3412 


7.1028 


5.8750 


12.9612 


% 


247.4500 


366.0199 


7.1532 


6.9163 


13.2390 


% 


250.9475 


373.8073 


7.2036 


5.9580 


13.6206 


9 m. 


254.4696 


381.7017 


7.2540 


6.0000 


13.8062 


Ms 


258.0261 


389.7118 


7.3043 


6.0417 


14.0959 


^ 


261.6872 


397.8306 


7.3547 


6.0833 


14.3895 


Ms 


265.1829 


406.0613 


7.4051 


6.1250 


146872 


^ 


268.8031 


414.4048 


7.4555 


6.1667 


14.9890 


Ms 


272.4477 


421.2907 


7.6058 


6.2083 


15.2381 


% 


276.1171 


431.4361 


7.5562 


6.2600 


16.6050 


Ms 


279.8110 


440.1294 


7.6066 


6.2916 


15.9195 


^ 


283.5294 


448.9215 


7.6570 


6.3333 


16.2376 


Ms 


287.2723 


457.8500 


7.7073 


6.3750 


16.6604 


'^ 


29]. 0397 


466.8763 


7.7557 


6.4166 


16.6869 


% 


294.8310 


476.0304 


7.8081 


6.4582 


17.2180 


% 


298.4483 


485.3035 


7.8586 


6.5000 


17.6534 


% 


302.4894 


494.6952 


7.9088 


6.5416 


17.8931 


% 


306.3550 


604.2094 


7.9592 


6.5832 


18.2373 


% 


310.9452 


513.8436 


8.0096 


6.6250 


18.5857 



MATHEMATICAl TABLES. 



69 



Dia. 


SiiifiEU)e. 


SoUdity. 


Cube. 


Cylinder. 


Water in lbs. 


10 In. 


314.1600 


523.6000 


8.0600 


6.6666 


18.6786 


Me 


318.0992 


533.4789 


8.1103 


6.7083 


19.2960 


% 


322.0630 


543.4814 


8.1607 


6.7500 


19.6577 


^ 


326.0514 


553.6081 


8.2111 


6.7916 


20.0240 


)i 


330.0643 


563.8603 


8.2615 


6.8333 


20.3948 


'^ 


334.1016 


574.2371 


8.3118 


6.8750 


20.6682 


% 


338.1637 


584.7415 


8.3622 


^.d\G^ 


21.1501 


^ 


342.2503 


595.3677 


8.4126 


6.9582 


21.5344 


% 


346.3614 


606.1318 


8.4630 


7.0000 


21.9-238 


%i 


350.4970 


617.0207 


8.5133 


7.0416 


22.3176 


% 


354.6571 


628.0387 


8.5637 


7.0833 


22.7162 


% 


358.8418 


639.1871 


8.6141 


7.1250 


23.1194 


% 


363.0511 


650.4666 


8.6645 


7.1666 


23.5274 


% 


367.2849 


661.8580 


8.7148 


7.2082 


23.9394 


% 


371.5432 


673.4222 


8.7652 


7.2500 


24.3577 


% 


375.8261 


685.0997 


8.8156 


7.2915 


24.7801 


11 m. 


380.1336 


696.9116 


8.8660 


7.3330 


25.2073 


Mb 


384.4655 


708.9106 


8.9163 


7.3750 


25.6414 


H 


388.8220 


720.9409 


8.9667 


7.4165 


26.0764 


M6 


393.2031 


733.1599 


9.0171 


7.4582 


26.6184 


i4 


397.6087 


745.5004 


9.0675 


7.5000 


26.5657 


'M 


402.0387 


758.0104 


9.1178 


7.5414 


27.4162 


% 


406.4935 


770.6440 


9.1682 


7.6832 


27.8742 


Ms 


410.7728 


783.5787 


9.2186 


7.6250 


28.3420 


«» 


415.4766 


796.3301 


9.2690 


7.6664 


28.8033 


Mb 


420.0049 


809.3844 


9.3193 


7.7080 


29.2754 


% 


424.5576 


822.5807 


9.3697 


7.7500 


29.7527 


% 


429.1351 


835.9695 


9.4201 


7.7913 


30.2370 


% 


433.7371 


849.4035 


9.4705 


7.8330 


30.7229 


^Mb 


438.3636 


863.0283 


9.5208 


7.8750 


31.2157 


% 


443.0146 


876.7999 


9.5772 


7.9163 


31.3883 


,% 


447.6902 


890.7070 


9.6216 


7.9580 


32.2169 


12 m. 


452.3904 


904.7808 


9.6720 


8.0000 


32.7259 


^ 


471.4363 


962.5158 


9.8735 


8.1666 


34.8142 


H 


490.8750 


1022.656 


10.0750 


8.3332 


36.9886 


% 


506.7064 


1085.251 


10.2765 


8.5000 


39.2535 


13 m. 


530.9304 


1150.337 


10.4780 


^MQQ 


41.6077 


J4 


551.5471 


1218.000 


10.6790 


8.8332 


44.0551 


% 


572.5566 


1288.252 


10.8810 


9.0000 


46.5961 


?i 


593.9587 


1361.346 


11.0825 


9.1665 


49.2399 


14 m. 


615.7536 


1436.758 


11.2840 


9.3332 


51.9675 


J4 


637.9411 


1515.106 


11.4855 


9.5000 


54.8014 


% 


660.5214 


1596.260 


11.6870 


9.6665 


57.7367 


?i 


683.4943 


1680.265 


11.8885 


9.8332 


60.7751 


15 in. 


706.8600 


1767.150 


12.0900 


10.0000 


64.0178 


% 


730.6183 


1856.988 


12.2915 


10.1666 


67.1672 


% 


754.7694 


1949.821 


12.4930 


10.3332 


70.5250 


% 


779.3131 


2045.697 


12.6940 


10.5000 


73.9929 


il6tn. 


804.2496 


2144.665 


12.8960 


10.6666 


77.6726 
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TEMPLET0N8 



TABLE OF RECIPROCALS 



FOR OBTAIVIKO DECIMAL EaUIVALENTS. 



No. 

1 


Reoip. 


No. 


Reoip. 


N«. 
101 


Rfldp. 


No. 


Redp. 


No. 
201 


Reoip. 


i.ooonoo 


51 


.019607 


.009900 


151 


.006623 


.004975 


2 


.500000 


52 


.019231 


102 


.009803 


152 


.'06679 


202 


.004951 


3 


.333333 


53 


.018868 


14)3 


.009709 


153 


.006536 


203 


.0049-7 


4 


.250000 


54 


.018519 


I(M 


.009616 


154 


.006494 


204 


.004901 


5 


.2(10000 


55 


.018182 


106 


.009523 


155 


.606451 


205 


.004879 


6 


.166667 


56 


.017857 


106 


.0119433 


156 


.006411 


2(6 


.004855 


7 


.142857 


57 


.017543 


107 


.09345 


157 


.006370 


207 


.(•04831 


8 


.125000 


58 


.017242 


108 


.009260 


158 


.006329 


208 


.(04807 


9 


.111111 


59 


.016949 


109 


.009174 


159 


.006290 


209 


.004785 


10 


.100(X)0 


60 


.016667 


110 


.CKI9091 


160 


.006250 


210 


.004782 


11 


.090801 


61 


.OiaiRS 


111 


.0"9010 


161 


.006211 


211 


.004740 


12 


.4*83333 


62 


.016129 


112 


.008928 


162 


.006172 


212 


.0M716 


13 


.076923 


63 


.015873 


113 


.008850 


163 


.006135 


213 


.004695 


14 


.071428 


64 


.016625 


114 


.0(»8771 


164 


.006*197 , 


214 


.(i04673 


15 


.066667 


65 


.015385 


115 


.008695 


165 


.006061 ! 


215 


M)465l 


16 


.062500 


66 


.015151 


116 


.0(18620 


166 


.006025 


216 


.004629 


17 


.058823 


67 


.014925 


117 


.008548 


167 


.005888 


217 


.0046»<9 


18 


.055556 


68 


.014705 


118 


.008475 


168 


.005952 


218 


.004588 


19 


.062632 


69 


.014492 


119 


.•«8403 


169 


.005917 


219 


.004566 


20 


.050000 


70 


.014285 


120 


.006333 


170 


.005882 


22l» 


.004546 


21 


.047620 


71 


.014065 


121 


.008264 


171 


.005847 


221 


.004525 


22 


.045455 


72 


.013889 


122 


.088196 


172 


.005813 


222 


.004605 


23 


.043078 


73 

74 


.013698 


123 


.608130 


173 


.005781 


223 


.004485 


24 


.041667 


.013513 


124 


.008065 


174 


.005748 


224 


.004465 


25 


.040000 


75 


.01.3333 


125 


.008000 


175 


.005715 


225 


.004444 


26 


.<I38462 


76 


.013158 


126 


.007936 


178 


.005682 


226 


.004425 


27 


.037038 


77 


.012987 


127 


.007875 


177 


.005660 


227 


.004406 


28 


.a35715 


78 


.0128S>() 


128 


.007812 


178 


.006618 


228 


.004386 


29 


.034483 


79 


.012659 


129 


.ot 17752 


179 


.005586 


229 


.004366 


30 


.033333 


80 


.01251 


130 


.007693 


181 


.005556 


230 


.004348 


31 


.032258 


81 


.012346 


131 


.007634 


181 


.005524 


231 


.004329 


32 


.031250 


82 


.012195 


132 


.007576 


182 


.0(>5495 


i32 


.004311 


33 


.030303 


83 


.012048 


133 


.007519 


183 


.005464 


233 


.0('4292 


34 


.029412 


84 


.011904 


134 


.007463 


184 


.005434 


234 


.004273 


35 


.028572 


85 


.011765 


135 


.OO74O8 


185 


.0i»5406 


235 


.004266 


36 


.027778 


86 


.011628 


136 


.007352 


186 


.005376 


236 


.004238 


37 


.027028 


87 


.011494 


137 


.007299 


187 


.005347 


237 


.004220 


38 


.026316 


88 


.011364 


138 


,0(^7247 


188 


.005320 


238 


.004201 


39 


.026642 


89 


.011235 


139 


.0(.7195 


189 


.005292 


239 


.0114184 


40 


.025000 


90 


.011111 


140 


.007143 


190 


.005264 


241) 


.004167 


41 


.024390 


91 


.010989 


141 


.007093 


191 


.005235 


241 


.004150 


42 


.023809 


92 


.010870 


142 


.007042 


192 


.005208 


242 


.004132 


43 


.023255 


93 


.010753 


143 


.006994 


193 


.005182 


243 


.004116 


44 


.022727 


94 


.010639 


144 


.006.()44 


194 


.005155 


244 


.004096 


45 


.022222 


95 


.010527 


145 


.006896 


195 


.005129 


245 


.004081 


46 


.021739 


96 


.010417 


146 


.006860 


196 


.005102 


246 


.104066 


47 


.021276 


97 


.010310 


147 


.(m6802 


197 


.005676 


247 


•WWUWl 


48 


.02118:13 


98 


.010204 


148 


.006756 


198 


.(J05061 


248 


.004(»33 


49 


.020408 


99 


.010101 


149 


.006712 


199 


.005(>26 


249 


.004016 


50 


.02(H)00 


100 


.010000 


150 


.006667 


200 


.005000 


250 


.004000 



The numbers In the table are the denominators of the fraction, hence, 
multiply the reciprocal of the denominator by the numerator of the fraotion, 
ard the product is the decimal equivalent. 

Thus, Buppoae the decimal equivalent of 7-16 be required. 

Reciprocal of 16 = .06;!;6 X 7 = .4375 its decimal equivalent 



TABLE 

CONTAINING 

THE WEIGHT OF COLUMNS OF WATER, 

BACH ONE FOOT IN LENGTH, 

AND OF VARIOUS DIAMETERS, 

IN LBS. AVOIRDUPOIS. 



7« 



m^ 


W.%fc.. 


m^ w^ifrL 


H^M^ '^Vi^^Mkft 


Zm. 


zjKn 


9n. 


27.6120 


15 ilk 


76.7004 1 


% 


3L32m 


% 


28.3848 


% 


77.9644 


% 


3j6000 


"A 


29.1672 


^ 


1 79.2792 


% 


3J02O 


% 


^.9604 


% 


80.506 


% 


4.174S 


% 


90.76.36 


V» 


1 81.9000 


% 


4^784 


% 


31US5-24 


% 


JB9aai 


% 


4.7928 


% 


3314060 


% 


84.5628 


% 


5.1180 


' % 


33.2424 


% 


85i>104 


Aim. 


5.4540 


lOm. 


34iM84 


16 IM. 


87.2688 


% 


5.7996 


! % 


ZiS464 


% 


886368 


% 


6.1572 


% 


Zi£\^ 


% 


90.0168 


% 


6.5244 


% 


36.6936 


% 


91.4176 


% 


6iN)24 


V» 


37.5828 


. H 


92.8060 


% 


7.2912 


% 


38.4828 


F ^ 

% 


94.2192 


% 


7U>908 


% 


39.3936 


' % 


95.6412 


n 


8.1012 


% 


40.3152 


% 


97.0740 


Sin. 


8.5212 


link 


41.2476 


17 ta. 


96.5176 


% 


8.9532 


36 


42.1906 


• % 


99i»7-20 


% 


9.3948 


% 


43.1436 


■ \k 


101.4372 


% 


9.8484 


% 


44.1084 


1 % 


102 9120 


% 


10.3126 


% 


45.0828 


1 '^ 


104.3988 


% 


10.7856 


56 


46.0680 


% 


105.8952 


% 


11.2704 


% 


47.0640 


% 


107.4024 


y% 


11.7660 


% 


48.0708 


% 


108.9204 


6 in. 


12.2712 


12tik 


49.0884 


18 in. 


110.44^2 


% 


12.7884 


)6 


50.1168 


% 


111.9888 


^ 


13.3152 


54 


51.1548 


"k 


113.5392 


% 


13.8540 


% 


52.2048 


% 


115.0992 


H 


14.4024 


% 


53.2644 


H 


116.6712 


% 


14.9616 


% 


54.3348 


% 


118.2528 


% 


15.5316 


% 


55.4760 


% 


119.8452 


V% 


16.1124 


% 


56.4804 


Yb 


121.4484 


7 in. 


16.7028 


13 tn. 


57.6108 


19 tn. 


123.0624 


% 


17.3052 


% 


58.7244 


^ 


124.6872 


% 


17.9172 


% 


59.8476 


54 


126.3228 


% 


18.5412 


% 


60.9828 


% 


127.9680 


% 


19.1748 


^ 


62.1276 


56 


129.6252 


% 


19.8192 


% 


63.2832 


% 


131.5320 


% 


20.4744 


% 


64.4496 


% 


132.9696 


% 


21.1404 


% 


65.6268 


% 


134.6580 


8<». 


21.8172 


Uin. 


66.8148 


20 m. 


136.3562 


% 


22.5036 


% 


68.0136 


% 


138.0672 


\k 


23.2020 


%. 


69.2220 


54 


139.7880 


% 


23.9100 


% 


70.4424 


% 


141.5134 


% 


24.5288 


% 


71.6724 


56 


143.2608 


% 


25.3524 


% 


72.9120 


% 


145.0128 


% 


26.0988 


% 


74.1648 


% 


146.7756 


% 


• 26.8500 


Tb 


75.4272 


• 


148.5492 



Dla. 


Weight 


DU. 


WttgW. 


DU- 


WdgW, 


21 in. 


160.2376 


27 in. 


248.5116 


33 in. 


371.2344 


a 


162.1388 


h 


250.8180 


% 


374.0620 


ii 


163.9343 


M 


253.11S2 




376.8004 


% 


I65.7S96 


% 


255.4632 379.4693 


% 


167.6780 


hi 


287.8008 382.5684 


% 


159.1162 


% 


260.1504 386.4293 


% 


161.2644 


K 




ii 


163.1220 


n 


264.8796 391.1820 


22 in. 


164.9938 


28 in. 


267.2616 894.0740 


a 


166.8732 


a 


269.6532 396.9768 


a 


168.7633 


a 


272.0544 399.8928 


X 


170.6652 


% ■ 


375.6672 402.8088 


a 


172.5780 


u 


276.8916 405.7600 


% 


174.6004 


% 


279.3263 408.6948 


K 


176.4336 




381.7708 411.4116 


h 


1783778 


K 


284.2260 4U 6180 


2Si«. 


180.3324 


29 in. 


286.6930 417.5962 


a 


182 2980 


h 


389.1688 420.5844 


a 


184.2744 


a 


291.6664 423,6833 


% 


186.2618 


% 


394.1548 426.6928 


% 


186.2584 


M 


396,6548 439.6120 


« 


190.2672 


% 


299.1828 432.6432 


% 


192.2866 


% 


301.7124 435.6840 


» 


194 31B4 


ft ■ 


304.3540 438.7368 


34 in. 


196.3648 


so in. 


306.8052 441.7992 


H 


198.4066 


a 


809,3672 447.B673 


% 


200.4672 


a 


311.9400 454.1878 


\ 


2086384 


\ 


314.5224 460.4106 


% 


204.6216 


% 


317.1168 466 6960 


% 


206.7144 


% 


319.7220 473.0340 


K 


208B192 


% 


322.3368 479,3946 


Vt 


210.9336 


ft 


324.9631 486.8078 


26 in. 


313.0588 


31 in. 


327,6000 4912637 


K 


215.1948 


% 


330.2472 498.7621 


a 


317.3416 


\ 


332.9052 605.3033 


% 


219.4980 


% 


336.5728 611.9979 


% 


321.6664 


» 


838.3524 618.4132 


% 


333B444 


% 


340.9438 526.1821 


% 


226.0344 


% 


343.6428 531.8936 


% 


238.2340 


ft 


346.3536 538.6478 


26 in. 


230.4444 


33 in. 


349 0764 546.4443 


% 


232.6644 


% 


8613088 SS2.28.W 


V, 


234.8676 


'k 


354^520 559.1659 


% 


237.1404 


X 


367.3048 566.0904 


a 


239.3938 


» 


360.0696 573.0577 


% 


241.6673 


% 


362.8452 587.1199 


% 


243.9312 


K 


3656304 601.3326 


ft 


346.3160 


K 


868.4376 799.2436 
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MATHEMATICAL TABLES. 



The preceding tables are rendered of great utility by 
means of the following : — 



The weight of Water 



being 1. 



"1 



Copper 




8.8 


Brass 


= 


8.4 


Iron, cast 


— 


7.2 


Lead 


:= 


11.3 


Zinc 


= 


7.2 


Gun metal 


i^i 


8.7 


Sand 


= 


1.5 


Coal 


— 


1.25 


Brick 


^ 


2.0 


Stone 


^: 


2.5 


Timber, average = 


0.85 



Example. — Suppose it be required to ascertain the 
weight of a cast iron pipe 26| inches outside and 29f 
inside, the length being 6^ feet. 

Opposite 26| in the table is 

234,8576 X 7.2 X 6.5 = 10991.135 ^ 

And opposite 23f in the table is 

192.2856 X 7.2 X 6.5 = 8998.966 subtract 

1992.169 lbs. Avs. 

And in a similar manner the weight of a column or 
pipe of another material can easily be obtained. 



BMlfm, ftOOlMOH, AUD 00., PUHUBS, UTIUOOL. 



